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the    Work,    and  made   sucli    corrections    an^j 
additions   as    the    leisure  moments   which 
professional    engagements    have    allowed   i 
would  permit, 

The  additional  illustrations  are  both  nume^fl 
rous  and  important,  and  I  trust  will  be  found  tofl 
enhance  the  igterest  of  these  volumes,  without^ 
having  materially  increased  their  size  or  price. 

My  geological  collection,  consisting  of  up-  ] 
wards  of  twenty  thousand  specimens,  from  which 
the  subjects  for  the  illustration  of  the  Lectures 
were  selected,  was,  at  the  period  of  the  former 
editions,  exhibited  at  Brighton  by  the  Sussex 
Literary  Institution,  as  the  "  Mantellian  Mu- 
seum." At  that  time  I  had  every  reason  to 
believe  that  my  collection  would  be  permanently 
established  in  Sussex,  and  serve  as  the  foun- 
dation for  a  County  Museum.  In  that  expecta- 
tion I  have,  however,  been  utterly  disappointed; 
for  although  I  would  willingly  have  made  any 
pecimiary  sacrifice,  to  accomplish  what  appeared 
to  me  so  desirable  an  object,  yet  after  the 
death  of  my  noble  and  lamented  friend,  the 
late  Earl  of  Egromont,  the  munificent  patron 
of  the  Institution,  the  proposed  measure  was 
abandoned,  and  even  opposed  by  many  of  its 


funner  supporters.  I  have  therefore,  in  compli- 
ance with  the  wishes  of  my  scientific  friends, 
disposed  of  my  entire  collection  to  the  Trustees 
of  the  British  Museum. 

But  although  the  main  object  of  my  labours' 
has  thus  been  frustrated,  and  that  collection, 
which  would  have  been  of  tenfold  importance 
if  located  in  the  district  from  whence  it  was 
derived,  and  whose  physical  structure  it  was 
designed  to  illustrate,  is  now  broken  up,  and 
will  he  dispersed  through  the  cabinets  of  our 
National  Institution,  yet  the  most  interesting 
speoiaens  are  so  unique,  and  so  strikingly  dis- 
tinct from  any  others  hitherto  obtained,  that 
ibsy  may  be  referred  to  with  facility,  when  tlie 
gaDeiy  of  organic  remains  in  the  British  Mu- 
temn  shall  be  finally  arranged. 

I  avail  myself  of  this  means  to  record  the 
deep  sense  of  obligation  I  feet  to  many  ex- 
cellent friends,  for  their  strenuous  and  unie- 
mitting  exertions  to  prevent  the  dispersion  of 
my  Museum,  and  establish  it  on  a  permanent 
hoffli  in  my  native  county.  And  although  their 
enbrta  have  proved  unavailing,  a  time  will 
wutedly  come,  when  their  endeavours  to  pro- 
s  a  taste  for  scientific  knowledge   among 


the  intelligent  inhabitants  of  Sussex,  and  to 
direct  attention  to  the  investigation  of  its 
physical  phenomena,  will  be  properly  appre- 
ciated, and  the  failure  of  their  attempt  to 
secure  to  the  county  a  collection  so  rich  in  its 
peculiar  fossil  and  mineral  productions,  be  re- 
membered with  regret. 

Should  Providence  allot  me  life  ajid  health,  I 
purpose  adding  another  volume  to  this  Work, 
under  the  title  of  "FiitsT  Lessons,  or  an  In- 
troduction to  The  Wonders  of  Geology;" 
being  the  substance  of  a  series  of  Lectures, 
designed  for  persons  wlioUy  unacquainted  with 
the   nature  of  geological   investigations. 

G.  A.  M. 


CREacEKt  LoDOE,  Clapham  Common, 
May  1,  1!J3U. 
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DB.  MANTELL'S  WONDERS  OF  GEOLOGY. 


].  Object  of  the  science. — Geology*  ia  Ihe  natural 
ilOary  of  the  earth.  It*  hills  and  mountniiia,  its  rivers, 
Ukes,  seas,  and  oceans,  its  caverns  and  vallejis,  its  fertile 
plains  and  sterile  deeerts— in  a  word,  all  that  belanga  to 
[diyrical  geography,  is  included  within  its  domain.  Inci- 
denlall;,  it  takes  notice  of  villages,  towns,  and  cities,  of 
varks  of  art,  of  agriculture  and  commerce,  of  the  various 
improvements  of  civilization,  and  of  the  races  and  families 
ofaniinaled  beings  of  both  organic  kingdoms,  since  they 
are  all  influenced  by  geological  causes,  and  aflecled,  more 
M  less,  by  geological  events,  while  they,  in  turn,  afford 
monumental  evidence  of  the  physical  history  of  the  globe. 
Tha  lerreslrial  surface  sympathiiea  with  the  profound  in- 
terior, and  its  physiognomy  is  often  changed  by  the  operation 
nt  internal  causes;  juat  as  the  human  face  becomes  fallen 
and  pale,  or  (iill  and  glowing,  as  it  is  affected  either  inju- 
riwily  by  internal  disease,  or  cheered  by  the  health  of  the 
body.  Every  thing  upon  this  earth  is,  therefore,  more  or 
iMt  concerned  with   geology,  and  this  science,  in  turn. 


r 


reviews  (he  principal  facts  and  evenla  (more  especii 
tlioss  of  a  physical  nature)  of  vhich  (his  planet  is  I 
theatre. 

But,  the  more  appropriate  object  of  geology  is 
tain  tile  structure  of  the  earth,  and  to  deduce  from  ti 
facta  a  legitimate  theory.     It  includes  a,  knovleiige  of  d 
masses  of  which  our  planet  is  composed — the  order  of  tli 
arrangement — their  mineral   and  organic   con' 
proximate  causes  by  which  they  were  formed  and  depo~ 
ailed,  and  those  by  which  tliey  are  rendered  liable  to  future 
changes. 

2.  PnELiutNART  KNOwiEDOE.  —  Thcsc  Considerations 
necessarily  involve  a  knowledge  of  physical  laws.  We 
must  be  acquainted  with  the  chemical  coiislitution  of 
matter,  with  the  combinations  its  elements  are  capable  of 
forming,  with  the  liabilities  of  the  compounds  to  form  new 
arrangements,  and  with  the  secret  laws  governing  these 
events.  Tbe  mechanical  laws  must  also  be  kept  in  view; 
the  weight  and  pressure  and  moving  power  of  both  solids 
and  fluids,  the  varieties  and  force  of  attraction  ;  in  a  word, 
the  dynamics  of  our  globe.  Nor  can  it  be  considered 
entirely  apart  from  its  planetary  relations,  an  a  member  of 
the  solar  system,  and  of  the  innumerable  ayateins  which 
compose  the  stellar  nniverse.  Remotely  then,  hut  still  dis- 
tinctly and  efficiently,  the  earth  must  tie  viewed  iu  its 
astronomical  connexion,  out  of  which  grow  important 
analogies  and  elucidations. 

Those  subtile  agents,  unknown  in  their  essence,  but  most 
manifest  and  potent  in  their  effects — namely,  heat,  light, 
electricity,  and  magnetism,  either  distinct,  or  combined  in 
various  modifications,  demand  a  faithful  study,  that  we 
may  comprehend  their  manifold  and  imceasing  effects  in 
[he  economy  of  the  earth ;  nor  must  the  enveloping  ocean 
of  aerial  fluid,  the  atmosphere,  in  which  their  energy  is  so 
often  displayed,  be  forgotten;  both  in   its  physical   and 


chemical  characters,  it  demEindB  our  atteDtion.  Wc  musl 
also  knaw  the  outlJDea  of  natural  liielory,  eepecinlly  of  tlie 
lineral  species,  or  at  least,  of  those  which  are,  or  have 
been,  chiefly  concerned  in  producing,  by  their  Exteneian  or 
aggregation,  the  uiauDtoina  and  continents,  and  tlie  entire 
planet,  lo  far  as  it  is  cognizable  by  man.  A  competent 
knowledge  of  mineralogy  ougKC,  therEfoie,  to  precede  the 
■tody  of  geology;  it  is  true,  we  may  begin  with  a  com- 
paratively small  number  of  the  most  important  minerala, 
namv  increasing  acquaintance  with  rocks  will  constantly 
ingment  our  familiarity  with  mineritl  species. 

In  like  manner,  as  mineralogy  is  indlspcneable  to  the 
■tud;  of  geology,  so  the  other  depaitments  of  natural 
liiiMrj  are  auxiliary  to  it,  in  a  moat  imporlatit  degree. 
Atumols  and  plants,  either  entire  or  dismembered,  or  in 
fra^ents  and  ruuis,  are  itiFolved  in  almost  all  classes  of 
neks,  exc^t  ihe  primary  and  the  volcanic;  nor  can  we 
•ngn  the  limit  of  organic  matter  even  in  these,  for  we 
know  Dot  how  far  lire,  by  soilening  or  fusion,  may  have 
oblilerated  the  organic  remains  that  might  once  have  been 
lilended  with  materials  now  exhibiting  no  Testige  of  plants 
Of  animals.  Although  we  may  not  be  able  to  mark  the 
ftedie  boundary  beyond  which  organic  beings  do  not 
Hfptu,  it  is  certain  that  in  all  geological  epochs,  Eubie- 
qaenl,  at  least,  to  that  of  the  primary  rocks,  animals  and 
its  have  existed  in  successive  families ;  they  have  been 
created,  have  lived  (heir  day,  and  by  the  operation  of 
idiysical  causes,  have  perished;  while  new  races  have  been 
called  into  being,  and  in  their  turn  have  ceased  to  he,  in 
order  to  give  room  to  other  families,  requiring,  perhaps,  a 
Cerent  climate,  and  a  new  order  of  things. 

Thtis  we  travel  onward  in  lime,  and  upward  in  the  order 
of  deposition,  through  races  whose  species  are  entirely  ex- 
tinct, imSl  we  arrive  at  the  periods  that  approximate  to  our 
DVD  tiniM,  when  £rst,  similar  beings  to  those  that  ooyi 
b-2 
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inhabit  the  earth  begin  to  appear,  and  finally  to  graduate 
into  'those  of  the  present  day.  Now  it  is  obvious,  that  to 
judge  intelligently  of  extinct  races  of  beings,  once  endowed 
with  animal  or  vegetable  life,  it  is  requisite  to  pass  in 
review  the  entire  organic  creation,  both  of  ancient  and  mo- 
dem date ;  not  only  of  the  terrestrial  animals  that,  in  early 
time,  walked  the  earth,  of  tHe  fishes  or  amphibia  that  swam 
in  its  waters,  of  the  birds,  insects,  and  winged  reptiles,  that 
soared  in  the  air,  and  of  plants  that  adorned  its  new-bom 
islands  and  emerging  continents,  and  which,  as  well  as  the 
animals,  are  now  entombed  in  rocks  and  mountains ;  but 
We  must  be  &miliar,  also,  with  the  races  which,  at  this 
moment,  fill  the  world  with  animation  and  beauty,  for  they 
are  our  living  standards  of  comparison.  In  short,  we  mutt 
be  well  acquainted  with  both  natural  history  and  compara^ 
tive  anatomy. 

If  such  be  the  circle  of  sciences  preliminary  or  auxiliary 
to  geology,  it  may  well  draw  from  us  the  desponding  ex- 
clamation. Who  then  is  sufficient  for  these  things?  We 
may  perht^  ireply,  no  unassisted  individual!  Science  is 
formed  by  the  joint  labours  of  many  minds.  Different  cul- 
tivators bring  in  the  rich  tribute  of  the  fields  they  have 
tilled  ^id  reaped,  and  a  master-mind  disposes  them  in 
order,  and  draws  from  them  the  requisite  resources,  to 
construct  a  system,  or  at  least,  to  furnish  its  most  impor- 
tant elements. 

3.  Rank  among  the  sciences.  —  This  very  general 
sketch  of  the  relations  which  geology  sustains  to  the  colla- 
teral sciences,  is  sufficient  to  evince  its  high  importance, 
and  to  vindicate  its  strong  claims  to  our  warm  regard. 

As  a  science,  it  is  tme,  its  date  is  modem  ;*  but  this  U 

*  Mr.  Lyell,  in  the  historical  introduction  to  his  Principles  of  Geology, 
has,  however,  cited  a  number  of  early  authors  who  have  expressed  just 
views,  and  pointed  out,  at  least  to  a  certain  extent,  the  proper  course  to 
be  pursued. 


dao  the  case  with  all  ihe  pliyaical  aciences,  among  wliich 
geology  is  a  younger  siBter.  Althongh  it  is  rapidly 
advancing,  and  is,  therefore,  noE  perfect,  it  is  still  a  acience ; 
and  in  this  aense,  which  of  the  physical  acicncea  ia  perfect? 
Afewbundredyeara  will  inciuiie  the  dates  of  moat  of  Ihem, 
while  all  are  still  advancing,  and  will  continue  to  advance. 
In  this  reapect  geology  b,  therefore,  not  alone.  Its  aacer- 
tuned  facts  are  numerous ;  they  are  correctly  observed  and 
reported ;  they  are  skilfully  claaaed,  and^  a  Buffloient  num- 
her  of  general  m  well  as  particular  conclusiona  has  been 
drawn  from  them  to  furnish  the  basis  of  a  nohle  acience. 
Its  boundaries  are  daily  extending,  and  will  he  extended 
without  limit,  by  continued  ohservations — its  evidence  will 
constantly  accumidate,  and  although  its  theoretical  specu- 
lations may  change,  nothing  can  occur  to  subvert  the  grand 
aoncluaion,  that  the  earth  has  a  regular  structure,  and  that 
its  materials  have  been  arranged  under  the  operation  of 
general  and  immutable  laws,  the  physical  expreseion  of 
smniscient  intelligence,  and  omnipotent  sway,  guided  by 
benerolent  design,  which  becomea  more  and  more  apparent 
and  convincing  with  every  new  and  successful  reecarch  in 
pology. 

4.  SouacEB  OP  ITS  EVIDENCE. — If  the  inquirer  asks  for 
the  source  of  geological  evidence,  it  may  be  answered  that 
it  ia  derived  from  diligent  and  careful  examination  of  the 
structure  of  the  earth,  and  for  this  object  our  means  are 
more  ample  than  might  at  firat  appear. 

Every  artilicial  excavation — every  well  and  cellar— every 
cut  for  a  fort,  common  road,  railway,  or  canal — every 
quarry — every  tunnel  through  a  mountain — and  every 
pit  and  gallery  of  a  mine  bored  into  the  solid  earth, 
furnish  means  of  mvestigating  its  interior.  Stitl  more 
do  tile  inland  precipices,  and  the  rocky  piomontotiea  and 
headlands  along  the  rivers,  lakes,  aess,  and  oceani; 
Ihe  naked  mounlain-sldea  ribbed  with  strata,  that  bound 


jthe  defiles,  gorges,  and  valleys ;  the  niins  accumulated  at 
the  feet  of  lofty  pinnacles  and  barriers,  and  those  that  have 
been  transported  and  scattered,  far  and  wide,  over  the 
iearth;  present  us  with  striking  features  of  the  internal 
structure  of  our  planet.  Most  of  all,  do  the  inclined  strata 
push  up  their  hard  edges,  in  varied  succession,  and  thus 
faithfully  disclose  the  form  and  substance  of  the  deep  in- 
terior, as  it  exists  many  miles  and  leagues  beneath  the 
observer's  feet 

Volcanic  eruptions  elevate  the  foundations  of  the  fathom- 
less deep  below,  either  in  the  form  of  ejected  or  molten 
masses;  or  in  rivers  of  ignited  and  fluid  rocks,  which 
congeal  on  the  surface  of  the  ground,  either  inflated  like 
the  scorise  of  furnaces,  or  in  solid  forms,  with  no  visible 
impress  of  heat,  and  often  containing  very  perfect  and 
beautifld  minerals,  conceived  in  the  volcano ;  or  dislodged 
'from  still  earlier  beds,'from  a  more  profound  igneous  abyss, 
and  urged  along  by  the  irresistible  current  which  often 
ruptures  the  crust  of  the  earth,  and  covers  it  with  a  fiery 
deluge.  In  addition  to  the  products  of  actual  volcanoes — 
the  ignigenous  rocks,  crystallized  or  deposited  from  fusion 
— ^both  in  the  earliest  and  in  many  of  the  more  modem 
epochs — ^injected  among,  and  cutting  across  strata  of  almost 
all  descriptions  and  ages,  and  thus  assimilated  to  known 
products  of  internal  fire;  the  proper  rocky  masses — the 
granites — the  sienites' — the  porph3rrie8 — the  serpentines  and 
the  traps,  give  authentic  information  of  the  unapproachable 
gulf  of  fire  whence  they  were  projected. 

The  internal  waters  that  gush  cool  from  the  fountains  on 
land  or  under  the  sea,  or  those  that  spout  in  boiling  geysers 
from  the  deep  caverns  where  their  imprisoned  vapours 
accumulate  explosive  force ;  all  these  bring  to  the  surface 
the  materials  of  the  interior,  and  conspire  with  tornadoes 
of  gas,  bursting  from  volcanoes  and  other  vents,  to  reveal 
the  deep  secrets  of  the  earth. 


5,  Its  POSITIVE  UTiiiiY, — Geology,  in  aililitioii  to  its 
iaherent  iligliity,  puts  forth  stroog  clainiB  to  regard  on  the 
ground  of  poaitive  utility.  Every  thing  reposea  upon  the 
miaenl  kingdom.  TbiB  earth  afiiirds  tu  tnun,  directly  or 
indirectly,  all  the  matcrinls  of  liis  physical  corafart^all 
those  of  national  wealth,  and  all  the  mDacs  of  civilization. 
A  m«re  savage,  ignorant  and  brutal,  and  the  creature  ol' 
appetite  alone,  can  never  rise  from  his  degradation,  until 
he  has  learned  to  draw  from  the  mineral  kingdom  the 
inatnunents  of  arts  and  civilization,  or,  at  least,  to  use  the 
lidi  lliat  are  thus  obtained.  The  axe,  the  hoe,  the  plough, 
ihe  loom,  are  inseparable  means  and  companions  of  Ilia 
sdvnoceroeut ;  and  even  moral  instruction  is  wasted  upon 
bim,  while  he  remains  a  brute.  He  cannot  begin  to  prac- 
tiie  the  christian  virtues  while  he  is  sunk  in  ignorance, 
for  physical  comforts  as  well  as  moral  cultmre  are  indis- 
peosable  t«  hla  elevation.  The  moat  important  of  physical 
inalniments  ate  derived,  immediately  or  remotely,  from  the 
ninertil  kingdom,  for  the  vegetable  world,  equally  with  the 
uiimal,  rests  upon  this  basis;  wlietber  we  apeak  of  ihc 
Kdar,  the  o&k,  the  lichens,  or  the  grasses,  all  equally 
derive  their  support  from  the  elements  aSbrded  by  the 
mineral  world,  which,  in  its  widest  sense,  includes  not 
uily  the  solid  earth,  hut  its  waters,  and  all  its  fluids— its 
ilmnspliere,  and  all  its  gases.  The  vegetable  kingdom 
borrows  Irom  the  mineral  world  oxygen,  carbon,  hydro- 
gen; and  even  nitrogen  and  all  that  ate  indispensable 
to  vegetable  life  are  found  in  the  waters  and  the  atmo- 
sphere, while  other  elements  or  compounds,  adapted  to 
particular  purposes,  are  derived  from  various  mineral 
KHirces ;  the  soil,  for  example,  affords  silica,  to  give 
iltength  to  the  epidermis  of  grasses,  bamboos,  equi- 
■sto,  SiC ;  and  potassa  and  soda,  derived  from  decom- 
poied  felspar  and  from  other  minerals,  pass  by  absorption 
into  the  juices  of  plants.      Even  animal  and  vegetable 


matiurea  form  no  exception,  for  their  elements  have  a  aimilar 
origin,  and  consist  almost  entirfly  of  th?  subitanfea  indii- 
pensable  to  vegetable  growth.  While,  thereforB,  we  explor 
this  orb  of  fire  and  water,  and  solid  tock,  we  shall  gain  Iha 
most  intcKBting  knowledge,  and  much  positive  advantBge. 
Our  beautiful  planet  is  indeed  worthy  of  our  study; 
was  once  our  cradle — it  will  soon  be  our  grave:  between 
the  dawn  and  the  night  of  life,  it  is  the  scene  of  our  buqr 
action,  and  from  it  we  shall  rise  (o  another  state  of  being. 

6.  DiacovEBV  OF  uBEruL  MINERALS.- — Geologj  disclose! 
to  us  the  valuable  minerals,  such  as  are  useful  to  society, 
and  teaches  us  where  to  expect  them,  and  where  reaearcli 
would  be  vain. 

Coal.' — Duly  informed  in  this  science,  we  should  n 
look  far  coal  in  granite,  nor  among  beds  of  sand  and  clay, 
and  in  the  wide  intervening  s    '  ' 

fonnations  are  excluded  fi-om  the  ai 
important  mjucral.  Do  wc  find 
limestones,  charged  with  bitumen,  £ 
— this  affords  a  presumption  of  sol 
decisive,  as  bitumen  is  associated  with  many  minerals  that 
da  not  belong  to  coal  formations.  The  imprcsiioilB  of 
plants  on  the  rocks,  especially  those  charged  with  bitumen,  ' 
strengthen  our  presumption;  and  should  we  find  fragmentt 
of  coal  scattered  in  the  soil,  or  mingled  witli  gravel  and 
sand,  in  the  banks  and  water  courses,  and  should  we  observe 
dark  maises  of  earth,  (called  by  the  miners  coal  blossoms,) 
which,  on  close  inspection,  appear  to  contain  fine  coaly 
matt  r,  we  may  presume  that  beds  of  this  combustible  may 
be  near,  and  that  it  may  be  proper  to  dig  or  bore;  and 
when,  at  last,  we  find  the  beds  of  coal,  they  will  be  regu- 
larly arranged  between  roof  and  floor  of  rock,  which  is 
commonly  coal  slate  or  shale.      But  it  by  no  means  follows 

•  The  coal  ilrsta  somellmci  rcposs  upon  gruUM,  (not  is  it,)  u  !■ 
rnumc,  ami  oeu  RichmDnd,  VirglDla. 


fliat  beds  of  slate  necessarily  indicate  coul :  those  of  the 
primary  series  would  scarcsly  fontaiii  any  combmtible, 
s  it  were  piumbngo,  iir  poasibiy  a  Kille  onthraclte. 
The  geological  Ian;  or  coal  are  very  strict,  and  a  thorough 
actjoaintance  with  them  is  an  effectual  safeguard  against 
fniitless  enterprises,  productive  only  of  expense  and  dii- 
■ppDtntment. 

L^ilt. — It  ia  easy  to  mistake  beds  of  lignite  for  coal : 
^ite,  when  found  in  sufficient  abundance,  j>  a  valuable 
combualihie,  but  it  is  not  coal ;  in  burning  it  emits  a  sharp 
rmd.  acrid  odow,  like  the  smoke  of  a  wood  Hie,  and  is  in  fact 
wood  only  altered  by  inhumation.  Itia  mostly  abundant 
in  the  more  recent  geological  formations,  especially  in  ter- 
tisry  beds  of  sand,  gravel,  and  clay,  in  which  true  coal  ia 
never  found.  The  trees  that  are  buried  in  the  more  recent 
siiavial  or  diluvial  deposits  are  little  altered,  and  are,  fiJr 
the  greater  part,  readily  recognised  as  belonging  to  exiitlng 
■pedes:  but  sometimes  they  arc  flattened  by  presture, 
ailered  in  their  texture,*  and  even  par^ally  carbonized. 

Fegetab/e  origin  of  coal. — Coal  is  entirely  of  vege- 
table origin  :  hundreds  of  species  of  plants  have  been 
iilinguished  in  the  coal  formation,  hut  not  one  of 
them  is  found  at  the  present  time  living  on  the  earth, 
B)tltough  many  of  the  families  do  exist;  but  ibcir  species 
ue  geuemlly  of  a  diminutive  size,  in  comparison  with 
thme  of  the  coal  period ;  and  those  modem  ones  that  ap- 
proach the  ancient  in  magnitude,  are  found  chiefly  in 
trgpical  climates. 

Limeitone  and  marbles. —  Limestone,  including  chalk 
ind  marble,  is  a  most  useful  substance.  The  ancient 
Grecian  temples  give  decisive  proof  of  the  durability  of 
Dtarble;  and  its  beauty,  even  after  the  lapse  of  two  or 
three  thousand  years,  and  alter  innumerable  aggressions 
hy  the  violence  of  war,  or  the  depredations  of  antiquaries, 
■  Pmfenor  Carptntor,  In  the  Am,  Jour.  vol.  mr.  No.  2. 
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more  destructive  than  the  action  of  the  elements,  is -not 
entirely  destroyed.    Limestone  is  the  most  important  in- 
gredient in  mortar,  and  is  of  great  value  in  soils.     But  it 
is  not  necessary  to  enlarge  on  a  subject  so  generally  under*- 
stood.     It  is  sufficient  to  say,  that  in  the  selection  of  lime- 
stone for  architectural  constructions,  or  to  afford  mortar  or 
a  fertilizing  ingredient  for  soils,  geological  skill  will  often 
prove  of  great  value ;  and  in  cases  of  high  responailnlity, 
such  as  those  of  grand  public  edifices,  intended  to  endure 
to  distant  ages,  the  united  services  of  the  geologist,  the 
quarry-man,  and  the  stone-mason,  may  well  be  put  in 
requisition,  for  practical  artists  often  acquire  the  skill  to 
judge  very  correctly  of  the  value  of  materials.    The  ex- 
perience of  all  antiquity  proves  this  to  be  true. 

Various  rocks. — ^The  same  view  may  be  taken  of  granite 
and  sienite,  and  the  slaty  rocks  of  that  family,  of  porphy- 
ries, traps,  and  soapstones,  of  sandstones  and  puddings 
stones,  or  breccias.  All  these,  and  more,  are  employed 
either  in  constructing  the  external  walls,  or  in  forming  the 
interior  decorations  of  buildings,  as  well  as  in  forts,  docks, 
bridges,  quays,  aqueducts,  and  roads,  and  it  is  of  the 
utmost  importance  that  time  and  expense  should  not  be 
bestowed  upon  materials  that  are  faulty  or  worthless ;  for 
sandstones,  limestones,  and  even  some  kinds  of  granite 
crumble  down  on  exposure  to  the  weather,  and  thus  pro* 
duce  deformity  and  dilapidation,  where  every  thing  should 
be  solid  and  enduring. 

Mode  of  detection, — In  general,  this  error  may  be 
avoided  by  a  careful  observation  of  the  effects  of  time  and 
the  weather  upon  such  masses  of  rocks  as  chance  to  be 
prominent  above  the  ground,  and  have  therefore  been  (it 
may  be  for  ages)  subjected  to  those  atmospherical  agencies^ 
which  the  finished  edifice  must,  in  its  turn,  encounter. 

Instances  of  premature  decay. — Had  these  precautions 
been  observed,  we  need  not  at  this  moment  see  splendid 
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aqueducts  cnimblJiig  into  niina,  before  they  a 
jev»  aid  ;  nor  bricks  splLtting  by  the  slacking  of  the  lime, 
Ibat  was  burnt  into  quick  lime,  when  the  clay  conttiniiig 
it  vaa  baked,  Qtid  thus  mining  the  walla  of  houses;  northe 
mfttWe  steps  of  a  magnificent  Grecian  temple  crumbling 
at  their  edges  and  angles,  because  tliey  are  constructed  of 
feebly  coherent  dalomitio  marble;  nor  the  walls  of  the 
grandest  parliament  house  i[i  the  world  painted  with  white 
]  conceal  the  spots  of  iron  rust  developed  by  the 
ID  a  soft  sandstone  :  such  a  building  should  have 
been  constructed  of  granite  or  white  marble  ;  and  ha{lpily 
most  of  our  cities  are  now  able  to  present  magnificent 
edifices  of  these  materials,  upon  whicli  the  s 
iloods  of  thirty  centuries  may  beat  in  vain. 

Gi/ptum. — Planter  of  Paris,  (chemically,  uilphate  of 
i'oM,)  is  of  great  value  to  the  agriculturist,  to  the  modeller, 
ind  to  ^e  architect.  One  would  think,  that  as  it  is  used 
by  multitudea,  it  must  he  suiHciently  known,  and  that  a 
little  scientific  knowledge  would  prevent  the  quuiy-men 
from  throning  away  as  worthless,  the  pure  crystallized 
(elenite,*  and  saving  only  ibe  darker  and  coarser  plaster, 
llill,  because  this  mineral  is  soft,  every  geologist  Is  called 
in  to  giro  his  opinioa  upon  various  tender  stones,  supposed 
0  be  plaster  ai.  Parts.  The  varieties  of  chlorite  and 
of  ohloritic  slates,  and  of  talc,  soapstone,  and  steatitic 
minerals,  are  most  usually  mistaken  for  plaster,  and  even 
the  limestones  are  sumetimes  confounded  with  il.  Iti 
the  former  instances,  the  labour  of  grinding  is  lost  to 
the  farmer,  as  those  minerals  are  not  known  to  produce 
■ny  beneficial  eficct  upon  soils,  but  the  case  is  not  the 
!  with  the  latter,  which  may  prove  highly  advan- 
tageous.f  A  very  moderate  acquaintance  with  the  charac- 
ters   of    nunerals    would    prevent    these    mistakes,     so 

•a  WM  done  in  tho  Slnle  of  Ne"  Yi.rk. 

II  dappeaeil  a  tew  jesh  linre,  M  GenBiro.SWIe  of  New  Voifc. 
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dinium  Jging  and  lujuumii  to  nmlimkalij  ;  md 
imaeqiiamted  with  mmefslogy,  dwidd  not  incur  IIm 
hazard  ai  time  or  pmycit/  witfaoot  fint  oonmltii^  tlMMC 
who  are  qnalififed  to  judge. 

Maris. — Maxia  alto  are  of  great  importance  to  agricoK 
ttne,  and  many  barren  tracts  hare  been  redeemed  and 
brought  to  fertility  by  a  jndidoiis  use  of  diese  anbataneca. 
Bat  at  the  earthy  materiab  which  bear  the  name  of  maili 
are  often  extremely  simiUnr  in  dieir  aspect  to  days,  it  ii 
important  to  distingoish  them  correctly,  and  this  is  doM 
by  inspection,  where  there  are  visible  firagments  of  shdb^ 
and  other  animal  remains.  Usually,  the  calcareous  mattcfi 
are  so  minutely  divided  and  blended  widi  the  eardiy 
materials,  that  they  cannot  be  detected  by  the  eye,  and  wi 
nrast  retort  to  chemical  trials  by  adds  or  by  fire.  These 
trials  are  easy  'and  dedsive,  and  may  save  die  practieal 
farmer  from  the  douUe  disappomtment  and  vexation  d 
covering  his  land  with  that  which  is  not  only  unprofitabls^ 
but  which  may  also  be  injurious  to  vegetable  growth. 
It  may  happen  that  a  substance  which  is  not  marl  magf 
prove  useful,  as  when  sand  is  mingled  with  clay,  or  clay 
with  sand;  the  former,  to  correct  a  sofl  too  stiff  bsbA 
tenacious,  the  latter,  one  that  is  too  open  and  too  little 
retentive.  It  is,  however,  rare,  that  on  a  large  scaft 
such  mixtures  can  be  made  by  art,  without  ruinous  ex- 
pense ;  it  may  answer  to  prepare  a  soil  for  a  garden,  oi 
other  grounds  of  limited  extent,  but  in  general,  we  can 
only  correct  deficieneies;  we  cannot  affcnrd  to  make  i 
sdl  anew. 

Metals. — ^The  researches  for  metals  have  ever  interested 
mankind  in  a  high  degree,  and  on  no  subject  are  the) 
more  liable  to  error  and  imposition. 

/roft.— -Happily,  the  most  important  metal  is  the  mosi 
abundant.  But  iron  ores  are  not  always  known  by  the  un- 
instructed;  some  of  the  most  valuable  are  not  attracted  bj 


magnet,  until  they  have  been  heated  in  contact  with 
carbon  ot  lijdrogen ;  while  others  ace  so  completely  dis- 
guised, that  they  ore  not  recognieed  at  all  by  those  ac- 
quainted with  (he  purilied  metal  alone.  Thla  ariseii  fVom 
theii  combination  with  Tarious  suhatances,  chiefly  oxygen, 
sulphur,  acids,  or  arsenic,  which,  on  account  of  tlie  great 
change  they  produce  in  the  properties  of  metals,  are  called 
mineralizers.  Iron  pyrites,  an  abundant  mineral  of  little 
value,  is  frequently  miitaXen  for  gold,  becanse  it  is  usually 
yellow,  and  this,  notwithstanding  that  it  is  hard  and  brittle, 
vhile  gold  is  soft  and  malleable.  Yellow  mica  is  gathered 
for  gold  duit,  and  silvery  mica  and  white  arsentca!  iron  are 
taken  for  silver. 
Calamine,  the  native  oxide  of  zinc,  and  tin-alone,  the 
I  Utive  oxide  of  tin,  have  no  resemblance — the  former,  to 
y  metal  whatever,  and  the  latter  has  none  to  tin,  while 
both  might  be  rejected  by  an  ignorant  observer.  The  same 
may  be  said  of  the  sulphuret  of  silver,  the  grey  sitlphuret 
of  copper — -the  ehromale- — molybdnte — carbonate — phos- 
phate— and  sulphate  of  lead,  and  many  more.  Few 
persons  do,  indeed,  trust  themselves  to  carry  on  great 
works  in  mining,  without  previously  ctmsulting  professional 
men  ;  some  are,  however,  so  perverse,  or  blinded,  as  to 
persist  even  against  the  best  counsels,  and  tbey,  of  course, 
pay  tbe  forfeit  of  their  folly  in  disappointui^nt,  and  some- 

Jyiviiting  rod, — Many  more,  however,  yield  themselves 
both  blind  and  willing  dupes  to  the  miserable  deliisians  or 
villaiiy  of  the  divining  rod.  Too  often  does  it  happen, 
even  now,  that  the  professional  man  is  consulted,  not  to 
know  whether  the  divining  rod  has  any  virtues,  but  to 
ucertain  how  they  may  be  best  applied,  to  enrich  tbc 
credulous  inquirer ;  and  the  geologist  who  can  reply  to 
such  persons  with  temper  and  kindness,  does,  indeed,  no 
"  H  ttii  dn^,  although  he  migiil  be  pardoned  for  a 
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sharp  rebuke — deserved  cerfainly  by  the  diviner,   if, 

Geological  associations  of  ntelals. — It  is  we1)  known 
geologists,  that  metallic  vcina  are  rarfly  found 
recent  formations  and,  with  the  exception  of  iruii,  and  of 
allnvial  depoait«  of  other  metala,  they  rarely  occur  ia 
great  abundance,  until  in  the  descending  aeries  we  ap- 
proach or  pass  the  geological  epoch  of  coal.  In  tbt 
ttanaition  rocks,  certain  metals  abound,  while  others  fre- 
qucnt  the  primary,  and  there  is  no  rock  bo  old  that  it  may 
not  contain  some  of  the  metals. — Sound  scientilie  views  at 
the  geological  structure  of  a  country  will  therefore  sens 
as  an  important  guide  in  the  research  for  metnls,  or  in 
lorming  a  conclusion  as  to  the  probable  continimnce,  en- 
largement, or  cessation  of  metallic  veins. 

Deciaioai  of  science. — The  negative  which  science  oflen 
pronounces  with  entire  confidence,  may  save  many  a  san- 
guine mind  from  delusion,  and  preserve  for  agriculture,  an4 
llie  usefiU  arts  of  life,  the  resources  which  might  have  I>eeD 
lavished,  in  reckless  profusion,  upon  vain  and  unproductive 
mining  operations.  It  is  rare  that  metallic  mines  will 
justify  the  abandonment  of  a  useful  calling,  in  the  coptmrai 
walks  of  life ;  even  where  there  is  abundance  of  valuabla 
ore,  few  individuals  can,  alone,  afford  to  encounter  the 
enormous  expense  of  mining,  and  to  wait  its  uncertain, 
and  it  may  be,  distant  and  stinted  reliu^a.  A  good  quarry 
of  soapatone,  granite,  gypsum,  or  sandstone,  may  be  worth 
more  than  a  mine  of  gold,  and  such  have  actually  been 
the  results  iu  some  signal  cases  in  this  country.  To 
these  few  instances  of  the  importance  of  geological  know- 
ledge to  the  common  interests  of  hfc,  many  more  might 
be  added,  but  these  are  auificieut  to  ilhistrate  our  argument, 
if,  indeed,  it  be  necessary  to  prove  that  he  who  acts  with 
consunmiate  knowledge  proceeds  with  safety — walking  in 
the  full  and  certain  light  of  science ;  while  he  who  adveiv- 
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tares  in  the  dark,  has  no  right  to  expect  anything  hut 
disaster  and  ruin. 

Creologieal  surveys  hy  pubUc  authority. — That  there  is 
some  just  appreciation  of  this  suhject  among  the  people  of 
thk  country,  is  sufficiently  evinced  hy  the  geological 
snnreys  of  many  states  and  territories,  either  already  ac- 
complished, or  in  progress.  Ahout  one  half  of  the  statee 
have,  by  public  authority,  instituted  such  surveys;  the 
reports  which  have  been  published,  evince  industry,  know- 
ledge, and  skill ;  great  progress  has  been  made  in  develop- 
faig  the  mineral  resources  of  the  country,  and  in  amassing 
stores  of  materials  to  serve  for  a  future  digested  and  syste- 
matical account,  both  scientific  and  practical,  of  North 
American  geology;  while,  at  the  same  time,  excellent 
schools  are  thus  established,  in  which  to  form  young 
geologists  by  actual  and  responsible  explorations  among 
mines  and' mountains.  These  good  works  will,  we  trast, 
proceed,  until  our  whole  territory  has  been  surveyed, 
when  some  gifted  individual  will  give  us  the  grand  result 
In  a  scientific  relation,  these  researches  are  deeply  inter- 
esting, and  we  are  in  this  way,  as  well  as  by  personal 
efforts,  contributing  our  share  of  materials  towards  the 
general  stock  of  geological  knowledge. 

7.  Some  features  in  North  American  Geology. — 
Perhaps  no  country  is  more  favoured  in  the  nature,  abun- 
dance, variety,  and  distributiou  of  the  most  important 
mineral  treasures.  The  limits  of  these  preliminary  re- 
marks must  prevent  even  the  most  general  summary  of 
our  geological  formations,  or,  at  most,  admit  of  nothing 
more  than  a  skeleton ;  but  the  materials  for  information 
are  already  abundant,  and  are  yearly  increasing,  as  may 
be  seen  in  the  various  public  reports,  in  the  transactions 
c^  learned  societies,  and  in  the  journals  of  science. 

Of  the  primary  and  transition  rocks,  to  which  we  may 
add  the  coal  formation  and  the  early  secondary,  we  have 


16 


immense  ranges,  extending  in  a  north-easterly  and  walb- 
westerly  direction,  through  the  continent,  and  comprisiog 
most  cf  the  minerals  and  many  of  the  fossils  that  are 
found  associated  with  such  groups  in  the  old  world. 

The  Alleghanies,  (including  many  mountains  having  local 
names,)  following  the  general  bearing  of  N.  £.  and  S.W., 
and  ranging  between  the  Mississippi  and  the  Atlantic, 
form,  with  dieir  branches  and  connected  chains,  the  great 
rain-shed  of  the  countries  east  and  west ;  and  rising  to  two, 
three,  four,  and  five  thousand  feet  and  more,*  give  direc- 
tion to  the  streams  and  rivers,  either  to  the  Mississippi, 
the  Atlantic,  or  the  great  lakes  and  the  St.  Lawrence. 

Rocky  Mountains. — In  like  manner,  the  far  more  stu- 
pendous chains  of  the  Rocky  Mountains,  whose  loftiest 
peaks  are  reported  to  be  between  three  and  five  miles 
^igh,f  give  a  geological  character  to  the  regions  east  and 
west,  in  which  directions  the  waters  flow  to  the  Mississipp: 
and  to  the  Pacific,  while  other  contributions  descend  to  the 
Gulf  of  Mexico  and  to  the  Northern  Ocean.  It  is  to  be 
regretted,  that  in  the  United  States  proper,  there  are  no 
mountain  ridges  or  solitary  peaks  that  pierce  the  region 
of  perpetual  snow. 

Mount  Wdshmgton, — Mount  Washington,  of  the  White 
Mountain  group  in  New  Hampshire,  which  approaches  a 
mile  and  a  quarter  in  height,  although  in  44<>  of  north  lati- 
tude, and  on  a  continen];  whose  average  temperature  is 
niany  degrees  below  that  of  Europe,  throws  off  its  snowy 
mantlef  only  for  a  short  season,  in  the  months  of  July  and 
August,  while  it  is  clad  in  white  during  the  remaining 
months  of  the  year.  Even  on  the  first  day  of  September, 
(1837,)  as  adventurers  upon  this  Alpine  mountain,  ^  we 

•  Professor  Mitchell,  University  of  Chapel  Hill,  states  that  the  top  of 
Black  Mountain,  in  North  Carolina,  is  6476  feet  above  the  level  of  the 
ocean.    See  Am.  Journal,  vol.  xxxv.  No.  2. 

t  See  Professor  Renwick's  Outlines  of  Geolog}'. 

t  See  Am.  Jour.  Science,  vol.  xxxiv.  p.  74. 


were,  bolh  on  its  flanks  and  aummit,  involved  in  a  wintry 
lempeaC  of  congealed  vapour,  formed  into  splendid  groups 
of  featheiy  and  branching  cryalals,  unlike  to  the  snows  of 
tiie  lover  regions ;  the  driving  masBeB  came  in  fitful  gusts, 
Toting  in  a  white  cloud  all  objects,  far  end  near;  but 
tnidting  occasionally  to  admit  a  fiood  of  eolur  light  to 
render  viable  this  hoary  pinnacle,  and  the  deep  gorges  and 
v^yt  of  the  neighbouring  groups  of  mountains.  The 
nnunt^Ds  of  Esaex  county,  Stale  of  New  York,  between 
lake  Chaniplaiu  aud  the  St.  Lawrence,  approach  the 
White  Mounloins  in  altitude,  but  no  one  of  them  is  per- 
Dunendy  snow-clad. 

MtnmtavRs  of  ceitiral  Europe. — It  is  otherwise  in  Europe, 
vhose  grand  central  group,  of  Mount  Blanc,  and  the 
viRiKU  Alpine  mountains,  rise  far  into  the  region  of  per- 
ptual  congelation;  and  M omit  Blanc  would  pierce  that 
rq^(ai  even  at  the  equator.  Thus  is  provided  an  eternal 
Mordiouse  of  ice  and  enow,  over  whose  wintry  surface  the 
»nidi,  rendered  heavier  by  contact,  glide  into  the  valleys 
ud  plains  of  the  countries  at  their  feet,  and  thus  temper 
(ren  the  warm  climate  of  Italy,  preventing  the  extreme 
ridssitudes  wliich  wc  esperience. 

But  these  immense  natural  magazines  have  a  still  more 
important  relation  to  the  irrigation  of  the  vicinal  countries 
The  melting  by  the  heat  of  summer,  supphes  copiou: 
■mams  to  feed  the  innumerable  rivers  that  fiow  from  thesi 
grand  fountains,  lo  almost  every  part  of  continental  Europi 
•onth  of  the  Baltic.  Thus,  the  effects  of  drought  are,  in 
gmt  measure,  prevented,  while  destructive  mountain- 
Roods  are  of  rare  occurrence.  From  the  absence  of  such 
KMMmlaiDs,  we  have  no  permanent  stores  of  ice  and 
snd,  consequently,  our  rivers  are  liable  to  extreme 
tioQS  of  altitude  and  force.  The  Ohio,  in  midsui 
•waetimes  leaves  numerous  fleets  aground,  while  occa- 
ntmal  risings,  from  deluging  rains,  aided  perhaps  by  the 


meltitig  of  tlie  siiuvrs  uf  vast  regions,  swell  the  ri 
immense  Sood,  tliftt  apuruB  Cbe  barrier  of  the  banks,  li 
villages  and  cities  under  water,  and,  expanding  ii 
internal  sen,  ru3li<ie  with  wasting  violence  over  tlii 
spread  meadows  and  farms.      For  this  rGB9on,  hj'diav 
ongineering  is,  in  this  country,  atteoded  with  peculiai 
culties,  bolh  on  account  uf  a  deliciency  and  an  esc 
water;  the  former  rendering  the  wurks  inoperative 
the  Utter  invading  or  sweeping  them  away.     The  faOt 
ciTilized  inhabitanls  of  the  countries  near  tlie  Rocky  MoH 
tains,  (excepting,  of  course,  the  immense  sandy  de& 
which,   near  (he   eastern   slope,   emulate  the  sterility  w 
Arabia  and  Zahara,)  will  enjoy  advantage*  in  many  v 
specta  aimihir  to  those  of  Piedmont,  Switzerland,  Ger 
and  France;  and  it  ia  easy  to  predict,  that  peculiai 
tures,  and  a  peculiar  state  of  society,  will  be  modelled  u: 
theiubliioE  physical  featurea  of  those  truly  Alpine 
From  this,  hii  native  land,  we  have  too  much  r 
expect,  that,  despite  of  the  efforts  of  the  lieucvolent  to 
avert  the  impending  doom,  the  red  man  of  the  forest,  not 
reclaimed  to  humanity,  but  abandoned  lo  his  fate,  will 
vanish  before  the  prevailing  arts  and  power,  and  the  still 
more  prevailing  seductions,  of  civilized  life — (he  extermi- 
nated victim  of  cupidity  and  cruelly. 

Infiiitnce  of  geota^eal  ttrutiurt  on  aociety. — It  is  per- 
fectly apparent  to  geologists,  that  the  scenery  of  a  country 
is  not  more  exactly  stamped  by  its  geological  formations, 
than  are  the  n(anners  and  employments  of  its  inhabitants. 
This  argument,  so  beautifully  displayed  by  Dr.  Bucktund,* 
with  respect  to  England,  ia  capable  of  an  equally  aatisfae- 
tory  application  to  this  country. 

New  England. — The  bleak  hills  end  long  winters  of  New 
England  are  unfavourable  to  the  most  extensive  and  profit- 
abls  agricultural  pursuits,  while  the  extensive  uitd  deeply 
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iaduilml  sca-coosts,  ahuuniling  tvith  liarbuurB,  lieadlanili, 
tiiert,  uiil  iiilels,  nalurally  produce  an  impulse  lowftnis 
tie  oceui,  wliich,  congpiiing  with  the  uriginul  adventurous 
duneter  of  the  population,  sands  them  roving  from  thp 
mtic  to  the  antarctic  circle,  till  the  vide  world  ia  laid 
mitt  contribution  hy  their  enterprise.  Their  numerous 
Mwams  and  waierfulls  furnish  the  cheapest  means  for 
ODviiig  machinery,  and  tlius  numnlUctorics  spring  up 
■Aienvcr,  in  their  expreaaive  phrBseology,  there  is  lenrep- 
poKef;  and  steain  supplies  local  deficiencies  of  morinfc 
Ibrcc.  Iiigenuilj,  conspiring  vith  a  general  system  uf 
educatian,  is  excited,  under  siuli  cultui-e,  to  produce  nume- 
Nu*  inventtons,  end  haits  of  young  men  seek  tlieir  for- 
IiUMc  successively  abroad,  as  mechanics — seamen — traders 
— tostructors  and  puliUciane,  who  thus  operate  powerfully 
nd.  we  tmst,  benelicially  on  other  cnmmunJlicE. 

Southern  ilalts. — The  immense  tracts  of  rich  alluvium 
is  ihe  southern  stales — the  milUiieas  of  the  climate — the 
awMt,  less  abounding  witli  safe  inlcl^  and  often  modified 
\cj  the  action  of  the  existing  ocean,  with  a  population  not 
niginally  conimercial,  give  a  decided  impulse  to  agii- 
cidlurei  and  a  fen  great  staples  form  the  chief  reliance 
gf  the  landholders.  It  ia  easy  to  see  that  this  state  of 
things  grows  out  oEthe  recent  seconBary,  the  tertiary,  and 
the  alluvial  formations,  which  constitute  the  ocean-barrier, 
bnm  Slaten  Island  U>  Florida,  and  trom  Florida  to  Texas, 
extending  inland  toward  llie  mountains. 

Wateni  atala.  —  In  the  west,  the  boundless  fertile 
prunes,  and  other  tracts  of  productive  soil,  conspire  witli 
remoteness  from  tiie  ocean  to  indicate  agriculture  and 
pasturage  as  the  main  employment  of  the  inhabitants,  while 
exhitusdess  beds  of  coal,  limestone,  pla&ter  of  Paris,  and 
iron,  and  rich  deposits  of  lead  and  copper,  and  salt  fcun- 
tiins,  both  numerous  and  copious,  furnish  means  for  a 
OUnudic luring,    as   well    as    an    ogricultuisl    population. 


'DiL'ic  ptiisuita  ocirupy  the  gl'ealer  number  of  the  pe<^ 
while  many  (ind  a  pr<>Jilji.til{;   eniploynient  in  navigati 
thoae  immense  inland  aeas — llie  great  kkes  and  the  i 
rivers,  irhicli  run  thouuinds  of  miles  before  they  i 
witb  the  ocean. 

What  geologist  fuils  to  perceire  that  this  »tala  of  th 
is  the  result  of  the  immenae  lower  secondnry  and  transitla 
formatSona  whicli  cover  the  western  slatea,  BiisWining  p 
tiuna  of  tertiary,  and  like  all  countries,  alluviul  depoaition 
Whilt  New  England  produces  granite,  mai'bte 
building  material,  of  excellent  qimllty,  Pennsylvania,  « 
the  western,  and  several  of  the  soulliern  and  soutb-n 
states,  supplies  inexhaustible  magazines  of  coal,  to  pnuBM 
und  sustain  the  manufacturing  interests  of  [bis  wide  ci 
try,  and  to  aid  its  astonishing  navigation  hy  slei 
of  unexampled  extent,  on  its  internal  waters,  at 
at  no  distant  day,  to  compete  on  the  main  oce 
cable  rivalry  with  our  parent  country. 

Geoiegicai  trcatarei. — Our  coal  formations,  in  richacH 
and  extent,  ate  unrivalled  in  the  wliole  world ;  onr  iron  and 
lead  are  in  the  greatest  abiinilance  and  excellence ;  Missouri' 
has  mountains  of  pure  oxide  of  iron,  that  have  no  compeer*; 
and  there  is  a  fair  prospect  that  copper  will  also  abound  in' 
the  west.  We  have  great  deposits  of  limestone  and  marble,' 
of  plaster  of  Paris,  marl,  and  salt,  and  of  building  stone^  of 
almost  every  kind ;  our  soils  are  so  various  in  quality,  and 
in  get^ajihical  position,  that  almost  every  agricultural  pro- 
duction is  obtained  in  ahundance.  It  is  ohviaus,  then, 
that  we  have  all  the  physical  elements  of  national  and 
individual  prosperity,  and  that  the  blame  will  be  our  own. 
if  we  do  not  follow  them  up  by  proper  moral  and  inlelleo- 
tual  culture,  which,  atone,  can  render  them  sources  of 
public  and  private  happinesi. 

Geological  depe'icntiet — upper  sicondarii. — Of  the  opper 
secondai'y,  below  the  chulk,  and  ahave  the  new  ted  stmd- 


itoue,  tying  higher  than  the  coal,  we  have  no  wpII  lutoei^ 
idaei  stratik :  rocks  of  oolitic  struchirc  we  mny  have,  but 
il  IB  not  oscertBint'd  that  we  have  the  true  oolite  of 
&l)^d  auA  continental  Enrope,  nor  have  we  traced  the 
wealden  nor  the  liaa,"  with  their  colossal  animal  wonders. 

Eqtktdrttl  of  chalk. — Chalk,  projieviy  apEflkin^,  appears 
»  b«  abient  from  the  United  Scutes,  but  there  U  an  eqni- 
rslent  to  the  chalk  formation,  containing  eimilar  fuaiils, 
Iwhreen  the  Delaware  River  anil  the  shores  of  Neit  .lersej, 
n  well  as  in  various  places  in  the  south,  and,  as  we  are 
i««ntly  ossnretl,  in  Miasouri.f 

^bunte  efvolcanaei. — The  principal  deficiencies  In  the 
geological  formations  of  the  United  States,  are  in  the 
■bunco  ofacdve  Tolcanoes,  and  of  most  of  tlie  members 
4  the  upper  secondary.  However  delightful  active  vol- 
cnoea,  with  tlielr  earthquakes  and  eruptions,  may  be  ta 
iptonlative  geologists,  the  sober,  nnscientitic  pupulation, 
may  well .  rest  quite  contented  without  them,  satisfied  to 
botep  the  sublime  and  terrific,  for  quiet  and  safety.  Al- 
QMagli  the  soils  formed  from  decomposed  lava  ore  often 
unai^ngly  fertile,  and  the  vine  Bautnahes  on  the  flanks,  and 
It  th«-fbeC  of  volcanic  mountains  of  warm  countries,  these 
Influences  are  too  local  to  be  of  much  importance  to  agii- 
nlture. 

Within  the  United  States  proper,  including  tlie  states 
Mid  territories  beyond  the  Mississippi,  and  eait  of  the 
AU^baoy  mountains,  there  is  not,  so  far  as  we  know,  a 
(Ed^  active  volcano,  nor  even  an  unequivocal  crater  of 
ooa  that  is  donnant.  It  remains  yet  to  be  decided, 
wliether  in  and  beyond  (he  Rocky  MouJitBlni,  quite  to  the 
tliM>e*«(  the  Pacifio  Ocean,  there  are  any  active  volcsnoei 
■lilliinour  parallels  of  latitude. 
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Both  north  anJ  soitlh  of  our  limits,  tlisre  are,  on  the 
Pacific  shoreB  and  the  ialandii,  numerous  volcanoes,  snd  it 
would  be  Blrange  indt-ed  if  there  were  oone  within  Dur 
extenuve  possessiona  on  the  same  coasts. 

RecoriU  of  igBeoai  action  ia  the  far  Jfe«(,— Howerer  this 
may  be,  there  remains  no  doubt  that  the  volcano  has  done 
ita  work,  on  a  great  scale,  among  the  Rocky  MountaiiiB,  and 
between  them  and  the  Pacific ;  for  all  our  travellers  attest 
the  esistenu'e  of  immense  r^ions  covered  with  EcorJK  and 
other  decidedly  igneous  products,  as  if  there  hod  been 
actual  atid  vast  eruptions  within  a  period  loo  Bhorl  tar 
decomposition  to  have  reduced  these  tumefied  and  semi' 
vitrified  masses  lo  soil. 

Trap  and  batail. — Regular  formations  of  trap  and  of 
basalt,  with  symmetricul  columns,  are  commun  among  and 
beyond  the  Rocky  Mountains,  and  the  rocks  of  this  igneons 
faniiiy  ate  IVequent  in  many  parts  of  the  old  United  Slates. 
They  abound  in  New  England,  New  Jersey,  and  the 
Carolinas,  and,  as  nsual  elsewhere,  they  prottude  their 
dykes  among  other  rocks.  We  are  net  awere  that  they 
have  invaded  (oe  coal,  as  in  Europe ;  hut  in  New  England, 
and  especially  in  New  Hampshire,  they  often  divide  the 
primary  rocks,  cutting  even  grauile  moantaitis  from  top  to 
bottom  1  branching  .rit,  in  many  places,  with  numerous 
veins,  either  dying  away  to  extinction,  or,  perchance,  re- 
turning again  lo  the  main  current  altei  having  cut  off  a 
portion  of  the  invaded  rock.  The  White  Mountains  of 
New  Hampshire  abound  ttlih  such  features. 

Phenomena  of  a  like  nature  are  found  in  t}ie  mountains 
irf  Eases,  Lake  Champbln,  New  York,  and  in  many  other 
places ;  and  the  primary  rocks  on  the  coasts  of  Ikloasachu- 
setts  and  Maine,  as  well  as  in  the  interior,  are  wonderfully 
cut  up,  by  invading  veins  and  dykes  of  trap,  basalt,  and 
porphyry,  and  even  of  granite  itself.  It  appears,  also, 
that  in  the  state  of  New  York  there  are  similar  iutrtuioiu 


(BM  Ather  roeka,  including  tha  primarj,  and  not  excepting 

Terliary  ^maliont. — Our  tertiary  formations  are  ex- 
wedingly  extcnaive,  and  ore  rich  in  foHils,  ahiefly  of  the 
«ir{ier  erfti.  The;  bound  a  Inrge  pnrtioD  ef  tbo  sea  coasts 
mrth  or  New  England,  quite  to  the  Mexican  Gulf,  and  up 
'ia  Mississippi  and  MiBsouri :  these  oceanic  deposits  are 
(bund,  also,  extending  hundreds  of  miles  into  the  interiof 
(ten  the  coasts,  where,  as  well  as  near  the  sea,  they  fumiah, 
far  the  calcBreouB  mails,  inexhaustible  resaurces  for  agri- 
ffllture.  Even  on  the  ahorea  of  New  England,  there  are 
narine  tertiary  deposlla,  as  at  Gay  Head,  in  Martha's 
Vineyard,  and  elaewhere  in  that  vicinity,  while  there  are. 
In  erery  part  of  the  United  States,  innumerable  inland 
depoaits  of  freah  water  tertiary. 

Satddm.-^ln  boulders  and  rocks  of  tranaport  our 
tomitry  abounds;  vaat  regions  of  older  aecandary,  and  of 
tranrition,  ore  occupied,  more  or  leaa,  by  ruins  of  primary 
loebs,  Mme  of  them  of  vast  s!;ie,  while  the  primary 
eountrie*  themselves,  and  the  transition  too,  are  marked 
by  their  own  dajrcla  memhra.  We  are  precluded  by  our 
SmitB  from  discussing  the  causes  of  their  transportation, 
whether  by  floods,  ice  floes,  or  other  motive  powers. 

tt  is  almost  nnnecesaary  to  remark.  Chat  pebblea,  gravel, 
ud  Mnd,  are  found,  as  in  other  countriea,  transported  and 
amnged,  without  doubt,  by  the  action  of  water. 

9.  BeauTY  ano  intbrest  or  OEotoav  as  a  science. — 
In  relation  to  the  beauty  and  interest  of  geology  as  a 
wienc*,  we  can  hardly  trust  ourselves  to  write,  since, 
within  onr  prescribed  limits,  we  have  no  room,  ns  there  is 
Me  occasion  lo  deieribe  adequately  that  which  our  author 
fcw,  everywhere,  treated  with  signal  ability  and  inferest. 
It  may,  however,  serve  to  engage  the  attention  of  those  to 
vluim  geology  Is  a  terra  intognila,  if  we,  in  this  place, 
*  Set  Prat^ioE  Hsl!,  In  the  OeoloKlril  Report)  Tar  1 933. 
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remark,  that  lio  Held  of  gcieitce  presenU  more  gratify 
uloniBluDg,  And  (but  for  the  evidence)  incradible.  ri 
Man  has  been  but  a  few  thousand  years  a  tenant  of  ti 
world;  nothing  which  ne  discover  in  the  atrui 
earlli,  would  lead  ua  to  infur  that  he  exiited 
mare  remote  than  that  assigned  to  him  by  the  Seriptj 
Had  he  been  cotemporary  with  the  auimols  and  plants 
early  geological  periods,  ive  should  have  found  hia  rt 
and  his  wurka  entombed  along  with  them. 

Opinivii  of  Berkeley. — 'I'his  argument  forcibly  imprsM 
the  mind  of  Bishop  Berkeley,  a  century  ago,  and  the  fi^ 
ing  beautiful  passage  from  his  works  is  cited  by  Mr.  LyeU 
"  To  any  one  who  conaidcfi  that  ou  digging  int 
Bach  quantiljea  of  shells,  and  in  some  places,  bonea  a 
horns  of  animals,  are  found  sound  and  entire,  al^er  havii 
lain  there,  in  all  probability,  some  thousands  of  yearaj  J 
would  seem  probable  that  gems,  medals,  and  intplemi 
in  metal  or  stone,  might  have  lasted  entire,  buried  u 
ground  forty  or  filly  thousand  years,  if  the  world  had  b 
so  old.  How  comes  it  then  to  pass  that  no 
found,  no  antiquities,  of  those  numerous  ages  preceding  the 
scripture  accounts  of  time ;  that  no  fragments  of  buildings, 
no  public  monuments,  no  intaglios,  cameos,  statues,  bassor 
relievos,  medals,  inscriptions,  utensUs,  or  artidcial  works  of 
any  kind,  are  ever  discovered,  which  may  beat  tesdmofl 
to  the  existence  of  those  mighty  empires,  those  bi 
ofmonarchs,  heroes,  and  demi-gods,  for  so  many  thouaai 
yeats?  Let  us  look  forward,  and  suppose  ten  o 
thousand  years  to  come,  during  which  time  we  ^ 

pose  that  plagues,  famine,  wars,  and  earihi/sakes,   \        

have  made  great  liavoc  in  the  world,   is  It  not   highM^^ 
probable,  that  at  the  end  of  such  a  period,  pillars,  vase% 
and  statues,   now  in  being,  of  granite,  or  porphyry,   at 
jasper,  (stones  of  such  hardness  as  we  know  them  to  have 
•  Ptiaciplei,  ilh  EiL,  vol.  m.  p.  lii. 


larted  two  tkouaand  years  above  ground,  ivitLout  any  coil- 
ndenbte  alleration,)  would  bear  recoid  of  these  and  patt 
•(»«?  or  that  some  of  our  current  coins  might  then  be 
itg  op,  or  old  naUa,  and  the  foandatioiia  of  buildings, 
An  themselves,  as  veil  be  the  shells  end  stones  of  the 
ffkutal  utarhl,  which  are  preserved  down  to  our  timea."* 
Tin  remarkable  passage  proves  tiiat  the  great  man  from 
vhm  it.  fell,  saw  the  geological  argument  in  a  Inie  light, 
ind  felt  its  force  lo  such  a  degree  as  to  convince  him  of  the 
pat  antiquity  of  the  earth,  which  he  justly  viewed  as  in 
IIS  vaj  inconsistent  with  the  comparatively  recent  origin 
of  man,  or  with  the  historical  account  of  both  events  con- 
ifnued  in  the  Geneaia.  It  is  eaay  to  understand  how  such 
imind  would  have  been  convinced,  wanned,  and  eicited 
twn  lo  enthusiasiOi  by  the  discoveries  that  have  burst 
upon  UB  during  the  last  lilly  years. 

B,  Ohoamc  BEMAiNs.— We  descend  from  the  alluvial 
Older  our  feet,  through  the  strata,  the  lowest  of  which  lies 
i^thogranile,ortheearlyslates,  andwc  are  seldom  with- 
DU  the  records  of  life,  in  ages  long  past,  and  those  records 
It  drawn  both  iVom  the  animal  and  vegetable  kingdom. 

Aneient  anintala. — Shells  and  moiluscoua  and  testaceous 
idmah  are  everywhere  seen ;  their  forms,  their  casts,  their 
nbstance,  are  apparently  preserved  in  stone,  but  really 
MBverted,  by  the  substitution  of  mineral  matter,  into  true 
tMnb.  Myriads  on  myriads  of  these  things  are  found,  not 
merdy  in  the  visible,  superSeiat  strats,  but  in  the  heart  of 
the  mountains,  and  at  profound  depths,  forming  an  essen'- 
Uilpaart  of  the  solid  frameworh  of  the  globe.  The  animals 
ind  plants  are  not  accidental  resemblances,  but  authentic 
tpecimens  of  organic  antiquity,  inclosed  in  the  strata  and 
nKmnlains,  ta  the  materials,  in  mechanical  or  chemical 
nqieoson  in  the  waters,  concreted  Ground  them,  ft  was 
nopoMible  that  they  should  be  due  to  any  sudden  or  acci- 
Aloiphiga,  oi  ttus  Minnie  Ptilloiaphei,  vol.  [1.  pp.  S4i  39.    IIZI. 
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dental  event;  the  organic  beinga  came  into  lifi 
performed  their  parts  as  now,  and  were  entombed  ii 
forming  massea,  which  were,  therefore,  of  more  re 

Fotfiljiiikea. — If  we  descend  jwith  Agasaiz  •  from  1 
strata  of  newest  formation,  to  those  that  lie  ne 
the  primary  locka,  we  ore  astonished  and  delighted  tt 
not  only  that  cmstaceous  and  molluscous  animals,  of  v 
kinds,  have  existed  in  the  early  ages,  hut  that  lishes  h 
also  occupied  the  waters  of  almost  all  geological  agea,  since 
life  began ;  and  that  among  the  earliest,  even  those  that  are 
buried  beneath  the  coal,  there  were  races  of  great  size, 
power,  and  ferocity;  formidable  from  tlieir  teeth  and  jawi, 
which  had,  in  some  species,  the  structure  of  cnmivoTum 
reptiles,  and  whose  forked  tails,  with  unequal  flukes,  en- 
abled tbem  quickly  lo  turn  over  on  their  backs  befwe 
striking  their  prey.  The  fossil  fishes,  of  particular  genera 
and  speciea,  are  characteristic  of  particular  geological  fonn- 
etions ;  they  extend  geographically,  ior  and  wide,  to  distant 
countries,  so  that  certain  species  may,  if  found  at  all,  be 
expected  in  similar  rocks  in  Europe,  in  America,  in  Alia, 
and  Africa,  and  they  are  of  eeery  size,  from  inches,  and 
fractions  of  an  inch,  to  several  feet.  They  occur  either 
solitary — or  in  groups — or  in  fragments— or  in  immense 
ahoals,  like  those  of  Mount  Bolca,  near  Verona,  in  Italy, 
where  there  are  more  than  one  hundred  species;  still  not 
a  ungle  fish  of  the  strata  that  ;precede  the  most  recent  ter- 
tiary, is  identical  in  species  nith  any  now  existing  in  the 
waters  of  the  globe. 

FoitS  vegrlablei. — Vegetables  are  found  in  nearly  oil 
geological  ages,  and  the  labours  of  Count  Sternberg,  of  M. 
Adolphe  Brongniart,  and  others,  have  proved  tliat  a  pecttr 
liar  vegetation,  adapted  to  the  temperature,  tlje  degree  of 
moisture,  and  other  circumstances  of  the  earth's  succesdre 
surfaces,  attended  the  different  geological  epochs, 

'  The  gnit  writer  nn  fiiull  IchthyolivT,  oT  .VcuTchiiKl. 
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Splendid  and  etcpensive  works  are  now  in  tLe  liandi  of 
geologists,  conluning  exact  delinealioiig  orihe  fotail  veg^ 
Ubles,  BO  far  as  they  liave  been  Bscertainecl.  Tliey  are  of 
■U  dimenaions,  from  minuti!  confervsi  and  lichens,  to 
I|(gaalic  trees;  their  structure,  from  mere  fragmentA  and 
^idne,  (o  perfect  plants  and  trees,  has  been  beautifiiUy 
dtiplayed — toota,  tninks,  branchei  and  leaves,  vith  the 
nioR  delicate  ramificatiuna  of  the  BkeUloiis  of  the  latter; 
in  some  rare  cases,  the  more  perialiable  orgniiic  fructtlics' 
doii  has  been  made  out,  and  the  fruits  [liemselves  have 
ften  identified. 

^Vegetation  <(f  the  eoal  prrio^. — Tbo  most  exuberant 
ilgetation  appears  to  bave  been  (hat  of  the  coal  period, 
kd  its  entombed  treasures  now  supply  the  world  with  fuel, 

Kecially  in  countries  where  the  forests  are  exhausted,  or 
ere  economy  of  (he  modem  vegetation,  or  preference  for 
'u  results  of  the  ancient,  decides  Ihe  choice. 
"Varietiea  of  Ihe  ancunl  foail  vegeliUimi. — The  ancient 
feetetion  appears  in  many  forms,  as  in  thai  of  lignite  of 
|al,  and  of  ailicioua,  calcareous,  and  ferruginous  pelrifac- 
nif,  stilt  preserving  the  peculiar  structure;  and  this  has 
\ea  made  still  more  distinct  and  satisfactory,  by  cutting 
fees  of  the  petrified  trunks,  and  grinding  them  donn 
U3  they  become  so  thin  as  to  be  transparent,  when  the 
UTOMOpe  reveals  the  internal  arrangement  of  the  pores 
td  fibres,  which  characterises  the  family.  Tluis,  il  has 
Kn  made  to  appear  that  various  species  of  coniferous  Ireeti 
beaded  die  coal  formation  in  the  south  of  Scollnnd,  and 
north  of  England,  and  that  zamias,  and  other  palm-like 
preceded  (he  chalk  in  the  south  of  England.  No 
>s  of  the  ancient  world  is  identical  with  any  one  of 
modern,  and,  as  has  been  already  remarked,  the  early 
nation  implies,  generally,  a  warm  and  moiat  climate, 
great  fertility  of  production. 
jiquatic   animali  —  repliiti.  —  Animals,  almost   exclu- 


'aiv«l^  matin?,  attest  the  great  prevalence  of  the  oce&a 
tlie  earlier  geolo^rical  perindl,  and  it  in  not  until  n 
parsed  the  caul  in  tlic  ascending  urdov,  tliat  we  begin]! 
find  reptiles   of  mnriiie  or  of   amphibiniis  families,  a 
ultimately,   etill   higher  up,    of    terrestrial  n  "" 

a  similarity  of  type  to  the  familiea  of  the  present  d 
both  their  genem  and  species  nre,  however,  t  ' 
angle  perfect  copy  in  modern  times.  Some  were  a 
vorous,  and  swam  in  the  Hhallow  seas,  estuaries,  U 
and  hays,  and  pre}'cd  upon  lishes,  molluscous  BnimB)B,4l 
each  other;  someli»ed  on  land,  and  were  herhivorom;  ■ 
tdlhough  a  few  species,  the  megalosannis  and  iguas 
for  example,  were  colossal  in  size,  and  terrible  ii 
ia  pruhnble  that  the  latter  of  these  terrestrial  sauriuu  ^ 
harmless  and  inoffensive,  while  the  tooih  of  the  b 
aaurus  would  indicate  a  ferocious  animal  of  prey,  likaa 
marine  saurians.  Bones  of  many  genera  and  species 
the  reptile  tribes,  especially  the  snurians,  have  been  fou 
and  of  Bocne  individuals,  entire,  or  nearly  penrflBel 
skeletons; — among  thein,  those  of  vast  dimensions  have 
been  discovered,  inclosed  in  the  solid  rocks,  along 
with  their  petrified  and  half'digested  food,  and  with  their 
eoproliles. 

Mmsupud  aniiaah. — If  the  reptiles  formed  the  transidon 
from  [he  marine  animals  upward — the  marsupials,  as  thoy 
are  called,  were  the  link  between  the  ancient  replilea-aiul 
lorreslrial  quadrupeds.  The  marsupials,  of  which  the 
opasium  is  an  example,  receive  their  young  (which, 
ahhough  born,  are  still  only  immature)  into  au  exterior 
pouch,  or  abdominal  sack,  and  there  nourish  them  at  their 
pups,  until  Ihey  are  fitted  to  go  abroad,  and  toencounterlb 
vicissitudes  of  their  peculiar  modes  of  hfe.  These  are  the 
only  animals  hitherto  found  below  the  chalk  which  ^>- 
proximate  to  the  proper  terrestrial  character.  Dr.  Manlell 
iiss,  however,  found  the-bones  of  bird^  in  the  wealdeo 
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\     beneath  tbe  chalk;   and  Prof.  Hitchcock  has  discovered 
I     mnaeroas  tracts  of  animals,  helieved  to  be  those  of  birds, 
I    and  perhaps  of  reptiles,  some  of  them  of  gigantic  dimen- 
imSf  ^  the  new  red  sandstone  of  the  Connecticut  River, 
'FbssUs  of  the  chalk  and  tertiary, — ^The  chalk  foIlows»< 
with  its  immense  and  varied  marine  treasures;  and  next 
tfce  loirer  tertiary,  still  marine,  succeeded  by  the  middls: 
tertiary,  where  proper- and  fully  characterised  terrestrial 
aaimals  are  first  found.    Through  the  remaining  beds  of 
tBTttary,  both  marine  and  fresh  water,  we  find  molluscous 
animals  fishes,  reptiles,  and  vi^etables,  verging  towards, 
and  even  identical  with  those  of  our  own  times ;  and  occa- 
flionally  we  discover  also  terrestrial  animals,  but  still  different 
fimn  the  modem,  until,  at  last,  in  the  diluvium  and  allu- 
vinm,  and  the  most  recent  sedimentary  and  concretionary, 
formations,  we  discern,  animals  and  plants  still  more  and 
ihore  like  those  now  living,  and  finally  graduating  into 
perfect  identity  with  existing  races. 
'  Mtm  nowhere  fossil, — Man  and  his  works  appear  only 
in  the  last  stages,  associated  with  the  remains  of  just  such 
beings  as  now  exist,  both  in  the  animal  and  vegetable 
woiid.     The  pages  of  our  author  will  disclose  the  great 
variety  and  extraordinary  form,  and,  in  many  cases,  colossal 
dimensions,  unrivalled  at  the  present  time,  of  some  of  the 
ancient  animals,  the  megatherium,  sivatherium,  dinothe- 
riiun,  mastodon,  elephant,  hippopotamus,  rhinoceros,  the 
cavern  bear,  tiger,  and  many  others.     In  consequence  of 
the  most  recent  discoveries  of  geology,  we  are  hurried  from 
that  which  is  stupendous  and  vast,  to  that  which  is  incon-' 
oeivably  minute.     The  extremes  of  creation  meet  in  the 
mxtteral  kingdom.    In  the  solid  rocks  are  found  both  the 
colossal  reptiles,  and  the  microscopic  infusorial  animalcuke. 
Ebrenberg  has  discovered  that  polishing  slate  is  made  up 
of  animalculae  so  minute,  that  forty-one  thousand  millions 
of  them  are  required  to  fill  a  cubic  inch,  in  every  grain  of 
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which  there  are  one  hundred  and  elghty-i^even  millioiu^ 
and  their  silicious  shields  are  the  cause  of  the  weli-laiQWii 
effect  of  the  tripoli,  or  rotten  stone,  in  polishing  steel,  to 
An  analogous  constitution  has  heen  discovered  in  ^Int 
opal,  and  hog-iron,  and  the  deposits  of  our  modeili  peitf 
bogs  in  this  country,  are  filled  with  similar  animalctdei^ 
the  figures  of  some  of  which  have  been  given  by  Profi; 
Baily,  in  the  American  Journal  of  Science,  voL  xxzv; 
p.  118. 

10.  General  remarks. — Such  is  an  exceedingly  gene- 
ral and  very  imperfect  sketch  of  the  progressive  creation, 
of  animals  and  plants^  that  have  inhabited  our  world — have 
become  extinct,  and  are,  in  countless  myriads,  entombed  in 
the  rocky  strata,  and  in  the  solid  mountains.  It  is  only  OU 
the  upper  surface  that  we  discover  loose  and  scattered  ndna, 
either  in  the  soil,  or  buried  in  the  masses  «f  gravel,  sand, 
and  clay;  niins  of  rocks,  and  fragments  of  strata,  along 
with  the  relics  of  animals,  trees,  and  other  superficial  do- 
posits,  such  as  we  could  in  any  reason  attribute  to  tiie 
catastrophe,  or  catastrophes,  of  rising  and  rushing  water^ 
the  deluges  of  geologists,  or  the  deluge  of  the  Scriptures; 
the  latter,  almost  alone,  being  admitted  to  the  contempla- 
tions of  those  who  are  uninstructed  in  our  science.  Now,  • 
it  is  a  matter  of  ph3rsical  demonstration,  that  the  earth 
existed  for  many  ages  before  man  was  called  into  being; 
The  whole  course  of  geological  investigation  proves  this 
view  to  be  the  only  one  that  is  consistent  with  the  fiEicts. 
To  be  convinced  of  its  truth,  it  is  only  necessary  to  become 
thoroughly  acquainted  with  the  records  of  a  progressive 
creation  and  destruction  which  the  earth  contains,  inscribed 
on  medals,  more  replete  with  historical  truth,  and  more 
worthy  of  confidence,  than  those  that  have  been  formed  by 
man;  as  much  more  as  nature  exceeds  in  veracity  ihi 
erring  or  mendacious  records  of  the  human  race. 

11.     CoNSISTENCr    OF     GEOLOGT    WITH    THE     SCRIPTURt 


maioai^IIarJlj  two  centuries  Lave  paased  aiiioe  llii' 
UtroDMiiy  of  Galileo,  Keplar,  ui;d  Newton,  wns  regarded 
em  widi  tlie  Scriptures,  end  therefore  heretical ; 
uJ  although  tbe  diaciepancy  of  the  literal  meaning  ul'  the 
fible  nitli  the  real  truths  of  aatroiiomy,  it  itill  as  great  as 
le  any  longer  hesitates  to  regard  astronomy  Hs 
(pring  a  just  view  of  the  gtupcndoiui  mechaiiisni  of  the 
llcareiu; — all  agree  in  understanding  the  language  of  the 
Bcriplures  as  being  adapted  to  the  appeaTances  ufthe  hea- 
n^  of  which  alone  mankind  in  general  can  form  any 
il  conception,  and  with  which  alone  the  Scriptures  are 
pncemed.  Tbe  Bible  being  designed  as  a  code  of  moral 
ioD,  as  a  reielation  of  a  future  life,  and  of  the 
IS  thai  belong  to  that  nioiiientous  subject,  contaiua 
HP  lyitems  of  science.  Moral  science,  esuentially  con- 
hilled  in  the  Scriptures,  is  not,  even  there,  presented  in  a 
t^nlar  form,  as  in  btunan  systems,  but  in  nodes  mote 
ti^pily  adapted  to  the  actual  condition  and  ca^bilities  of 


In  relation  to  physics,  the  infoimatioa  contained  in  the 
KWe  'a  only  incidental.  God  is  declared  lo  be  the  Creator 
cf  the  heavens  and  the  earth, — the  physical  tiniverse, — 
iiid  throughout  the  sacred  volume,  there  are  innumerable 
'  us  to,  and  illustrations  of  his  character,  as  its  Creator 
ud  Governor,  but  there  is  not  even  tbe  most  getierol  out- 
of  any  physical  seience ;  the  creation  of  the  heavens 
udthe  earth,  of  the  sun  and  the  moon,  being  disposed  of 
Etreme  brevity,  while  tbe  allusiooa  to  the  geological 
vangemeats  of  this  planet  are  only  sucli  as  are  connected 
witk  the  (aVt  appearance  of  its  organized  beings,  and  the 

mergence  of  tbe  laud  from  the  original  ocean. 

luMiuction  in  tlie  sciences  was  not  tbe  object  of  dtv. 
Soipiure*;  the  physical  creation  was  ieft  by  the  Divine 
Auihot  for  tbe  delightful  esercise  of  our  faculties,  an  me%- 
1>Aii>liUfl  source  of  mental  and  moral  pleasure;  for  appli- 
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cation  to  use,  to  increaae  the  power  and  the  comfort*  of 
mun ;  for  the  aiidtlional  illustration  of  tlie  character  of  God, 
and  also  for  an  exItauBtless  fountain,  whose  stieams  min^ 
harmooiously  with  those  of  divine  levelalion. 

From  the  study  of  tlie  pliysical  creation,  man  has  then- 
fiire  drawn  nil  the  physical  sciences,  of  which  aatroaemy 
is  the  .most  sublime  and  itplendid,  wliile  gfology  yields,  in 
this  respect,  only  to  aetronomy.  Neither  aatroiiomy  not 
geology  is,  however,  taught  in  the  Scriptures,  but  both 
are  contained  in  nature,  and  their  aatoniehing  truths  haTO 
been  brought  to  light  by  human  rcseBrch. 

While,  as  already  remarked,  astronomy  is,  in  fact,  incon- 
sistent with  the  apparent  movements  in  the  heaveae,  and, 
therefore,  with  the  literal  and  popular  phraseology  of  the 
Scriptures,  which  allude  to  physical  things  as  they  appear, 
and  not  as  tliey  are  in  reality, — geology  presents  not  even 
a  literal  discrepancy,  but,  ou  the  contrary,  a.  substantial 
agreement  iu  its  facta  with  the  Scriptures:  the  latter  Af- 
Bcribv  a  physical  creation  of  mineral  matter,  und  a  aqccm- 
sive  creation  of  plants  and  animals,  endijig  with  man,  while 
geology,  by  irrefr^able  demonstrations,*  which  nothing  but 
a  study  of  the  earth  could  afford,  proves  this  history  to  be 
true.  The  Scriptures  describe  a  universal  deluge,  and 
geology  proves  that  every  .port  of  tlie  earth  is  niarked  by 
the  etfect  of  such  visitations,  occurring  at  cue  time,  or  at 
many  times;— a  repetition  of  local  deluges,  or  a  general 
one,  would  produce  similar  results ;  and  although  it  may 
be  impossible  to  distinguish  between  the  sciiumulated 
effects  of  local  overflows,  and  a  general  diluvial  dovaatar 
tion,  the  surface  of  the  earth  abounds  with  diluvisJ  ruin». 
The  Scriptures  declare  thai  there  was  a  beginning,  and 
geology  proves  that  there  was  a  time  when  plants,  and 
animals,  and  man,  did  not  exist;  both  the  Scripturea  and 

•  S«  Dr.  Bucklaiid's  BiiLlgeuawr  TtEaiise,  uji  idmitable  and  per- 
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ge«logy  nrc  silent  an  Id  ilie  pi^rind  when  ihc  lint  of  tlu' 
Creator  calted  <iai  earth  and  tlic  jilanctaiy  ayatcms  intii 
being.  It  wna,  doubtless,  in  very  remote  antiquity,  but  the 
It^nning  ia  known  only  to  Him  who  has  neitliet  beginning 
of  yean  nor  ending  of  days. 

Having  ejaewhere  diacuaaed  the  question  of  the  duration 
wf  the  dnyi,"  and  of  the  creBlion,  wc  Hhall  nut  liete  rciie- 
t  arguments,  satialied  tlint  the  date  uf  the  bcgin- 
}i  recorded  either  in  nature  or  in  revelation,  and 
may  extend  bai^k  to  any  period,  however  tutig,  wiiich  phy- 
sical truth  may  demand.  On  the  other  hand,  the  moral 
ditpcDsalions  of  Goil  to  our  world,  necessarily  begin  witli 
man,  and  the  account  of  Jiim  which  is  contained  in  the 
Bibfe  is  fully  confirmed  by  his  uniform  character,  as 
exhibited  hy  all  tradition  aud  history.  While,  therefore, 
geokgy  proves  that  our  world  exiated  for  many  ages  before 
a  created,  and  that  his  creation  vita  only  the  last 
act  in  the  series,  it  perfectly  concurs  in  the  conclusion  that 
the  hnntan  race  cannot  have  been  on  the  earth  more  than 
F  thousand  years.  Where  then  is  the  discrepancy 
WirHni  geology  and  the  SBcrcd  liistorj',  and  what  is  the 
le  that  this  science  Irlls  many  minda  with  alarm,  and 
iwt  «  few  with  hostility?  As  the  result  of  no  short  or 
H^et6cial  study,  or  light  contemplation,  we  aver,  with 
jKileot  confidence,  that  the  alarm  is  without  cause — the 
IxMtilily  without  justilicatiou ;  and  equally  baHclesa  are  the 
ipes  of  those  who  would  draw  from  geology,  weapons 
idi  wliich  In  assail  the  Scripturea.  Thia  science,  like 
!r  «hler  sister,  astronomy,  is  tlie  ally,  and  not  the  enemy 
rf  reveoletl  truth.  The  consistency  of  geology  with 
tfce  Scripture  hiatory,  is  susceptible  of  a  perfect  and 
triunpbant  defence,  but  it  la  not  found  in  the  relinement.^ 
in  the  forced  solution  of  a  general  deluge, 
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ciilircl;  iinRaUsfaclory,  rtr\A  \i\i\ceA  impnusiblp, 
of  the  regular  ffirmatiolis  of  the  enrlh, 
varied  as  Ihey  are,  and  cxiibcnml  in  llie  rulieB  c 
tnocessive  racca  of  the  animalB  aiid  vegetablBS  of  ps 
But  this  coLisietency  is  found  in  Ibe  regular  induction  h 
facta,  in  the  juat  iindoratunding  of  time,  and  in  ita 
aioB  back  beyond  the  cieation  of  man,  so  far  as  ti 
the  tonunierable  events  that  have  certainly  Jia] 
To  tliii  cunctusliiti  t)ie  religions  world  is  fust  approaefaia 
ita  arrival  at  the  goal  of  truth  ia  as  certain 
of  time,  and  the  period  ia  near  at  hand  when  the  g 
dadncdona  of  geology,  like  those  <^  astronomy,  wiUid 
viewed  ui  in  perfect  hannony  with  the  Scripturei 
highly  illustrative  of  the  character  of  the  great,  glorioi 
and  beneficent  Being,  who  in  llie  beginning  created  I" 
heavens  aud  (he  earth.  I'he  time  baa  already  ci 
those  who  claim  to  judge  of  the  consistency  of  the  Sodji 
turea  with  geology,  mual  aladi/  thia  science,  not  auperficiall)', 
but  profoundly;  for  in  uo  other  way  can  they  become 
qualified  to  form  a  juat  opinion  in  the  caae.  It  ia,  indeed, 
lamentable  to  observe  the  crude  and  absurd  speculatioiu 
of  some,  who  speak  and  write  in  a  manner  adapted  only 
to  expose  their  own  entire  ignorance  of  the  aubject;  and 
there  are  not  wanting  those,  both  at  home  and  abroad, 
irhoae  arrogance  aud  censoriousnesii  ore  exhibited  in  a 
manner  equaUy  uncaiidid  and  undignified ;  while  their 
increduhty,  inanifeited  by  a  blind  rejection  of  evidence 
without  examination,  (a  real  infideiiiy,)  woidd  imply,  that 
ths  Author  of  nature  has  given  a  revelation  inconaiittent 
with  the  work  of  hia  own  hauda.  We  regard  with  kind- 
nesa  and  forbearance  llioso  whose  honest  fears,  tampered 
by  a  apirit  of  candour,  would  he  removed  hy  an  accurate 
knowledge  of  geological  facts,  but  geologists  liave  a  right 
to  claim  that  critics,  whose  decisions  are  made  without 
any  adeqnate  examination  of  tlic  science,  shall  abstain  from 


imputtlioin  on  ilioBe  who  fuilhftilly  study  anJ  ri'porl  th 
wnil  slnii:ture  of  thi;  carlJi,  and  wliu  rpasun  tijioti  tlip 
'DCcording  to  ihe  auundest  principliis  of  logiuul  uiid 
'  'cul  inductjon.  GeolugiiM  da  not,  in  turn,  invade 
■liO'domuR  of  criticbin,  nor  is  titers  ilie  least  occuiion  to 
ia  m;  for  lliey  recave  lang>iage  in  its  usual  acoeptation, 
nd  BB  it  is  exponnded  by  those  who  are  the  Iwat  quilitied 
Ujndge;  still,  tliey  uixume  the  libi-rty  to  uiidamland  it  in 
nanMocy  with  the  eubjcct  to  wliich  it  is  applied — in 
MdniteDcy  with  the  tniths  of  nature,  which  are  as  irre- 
Ihgahle  as  those  of  revelatioti,  tor  they  proceed  frmii  tho 
■me  Author,  and  nre  incapable  of  perversion.  In  the 
iKMliful  language  of  Professor  Sedgwick — "  No  opinion 
«a  be  heretical  huC  that  which  is  not  true.  Tmths  can 
■ncr  wcr  againit  each  other.  We  liavo  iiutbiiig  to  fear 
liMn  the  reanlt*  of  our  inquiries,  provided  they  be  followed 
la  At  laborious,  hut  secure  road  of  honest  induction.  In 
Mk  way  we  may  rest  Bssnred,  we  shall  never  urrive  at 
nnluMons  opposed  to  any  truth,  either  physicHl  or  moral, 
bn  whatever  source  this  truth  may  be  derived;  nay 
HXhtt  tiial  nev  discoveries  will  ever  lend  support  and 
Sliiitiation  to  things  which  are  already  known,  by  giving 
ilarger  insight  into  the  universal  harmonies  of  nature."* 
Il  ii  molt  unwise  then  lo  reject  truth,  for  which  science 
■  bdeed  but  anothra  name,  and  it  is  quite  certain  that 
Uk  friends  of  revelation,  and  the  friends  of  science,  may 
*idk  harmoniously  together,  for  they  are  cultivating  only 
ttrent  departments  of  the  same  great  field;  the  fruits 
vlunh  they  grathcr  may  be  safely  stored  in  the  same 
guer,  aod  in  all  coming  ages,  will  bo  wisely  regarded  as 
(ftflsnces  of  ioHppreuiuble  value. 

l:i.    NoTtCK    OP    THIS  WORK  AMD  ITS  AUTifon.— We  hhall 

nuKJude  by  tui  iinnmdiate  reference  lu  thu  work  before  us, 
Uitfled  if  our  rcuiarks  shall  serve  to  draw  a 
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Itc^Liirc!!,  and  I 


thcw  buaiitifuL  and 
tinguishcd  author. 

Dr.  MuntellV  earlier  piibUcaliiiiiH,  uiDoiig  ntibh  wM 
"  Illustrations  of  tlie  Ueoli^y  of  Siissi;x,"  4la ;  aleo  a  n 
uii  Itio  "Fuaaila  of  Tilgate  Forest,"  4 to,  and  "Tha  G 
logy  of  the  South-eait  uf  Engluid,"  6vo;  all  with  n 
mill  plates  and  outs,  and  ciaiiy  inemuin  and  tracts,  appaa 
when  thu  Biilhur  reniiled  in  liia  nfttive  town  of  I 
nevea  mile*  front  Urighlon,  lij  liia  great  induitrya 
aeai,  he  redoemed  from  tlie  carea  of  : 
luboriuiis  medical  practice,  tbiie  tu-proditc 
which  tank  with  llio  very  lirat  on  the  Bcieuce  of  geology,! 
hare  raiaed  th*  reputation  of  their  author  to 
Dr.  Montell,  during  liia  reiidencu  at  I.ewei,  cuUcetM 
apleudid,  andio  agreat  mesKuro  unique muaeum of  m 
remaini,  the  moit  remurkahla  of  which  were,  the  lati 
ing  bonei  and  other  reli<[ui(e  uf  liis  own  region,  ditctivoa 
entirely  by  himi 

A  few  jcnrs  aince,  he  removed  to  Brighton,  and  fl 
uslabliBhed  hia  niuaeuin  in  on  appropriate  i 
aoun  buL'aniB  tlie  nucleus  for  a  Siuiex  SiAeiiiiJic  and  Lite 
tiulitutiai,  and  in  itu  niDinH  werH  held  inntructive  and 
entsrlauiing  convcrvtuiones.  On  theae  occosiuns,  aitd  in 
connexion  with  the  muae>iin,  many  interesting  ubjucts  of 
nature  and  art  were  exhibited  and  described  by  Dr.  Maii- 
Lelt  and  bia  friendi,  to  the  fashionable  and  noble  crowd 
which  revolve  around  the  BrilJsli  court,  during  its  tem- 
jMrary  pilgrimage  to  this  favourite  apol  on  the  chalky 
«]iiiree  of  Albion-t 

Here  Dr.  Mantell  yielded  to  the  wisbei  of  liia  firiendt 
slid   the   public,   by   giving    occasional    lecturea   on   ^ib 

■  luauooi,  £utiliii4i  K  tiillii  ftHn  Loadun. 
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h^Om  wliioli  he  had  so  succcHalully  cultivated.  Tbniw 
oiuj  bill  read  his  variuiut  wurkv,  in  wliicli  science,  ^eniim, 
.  wd  livtu,  were  wornied  by  a  nublc,  but  (liiu:i|ililied  oud 
"J  nuUuncJ  enlbunaHin,  wem  grutifivd  to  find  that  hi*  fniwora 
idlio  ipeaker  were  CDiumeiuuiate  with  his  high 
•ttmineuta  ut  aa  original  iniestjgatac,  aud  with  his  repu- 
laliva  ta  &  inaa  of  science,  and  of  tLiCellLiilual  uiguur.  His 
WMCi  to  tbta  cbaTHctei  was  fiiUy  liqiuil  to  bii  (ireviuiiB 
MpuUtiou.  In  consequence,  ha  was  colled  upun  Ui  give 
»  Mgukr  course  of  lecture*  on  geology  and  ibe  eunneeted 
>CMBCW,  ttlded  by  bia  magniScenC  museum,  and  by  amplo 
Sluatraticms  Irum  dianings. 

Ttw  WoMOEHs  oi  Gboluuv  cuntain  the  Bub<ts>ncii 
of  the  lectures  delivered  by  Dr.  MiuilfU  at  Uiighton. 
The  title  IB  appropriate],  but  it  would  be  great  injustice  tu 
consider  this  work  as  a  mere  collection  uf  mirabiiia.  It 
etabracBs,  in  truth,  a  regular  syiteni  of  gcolugy,  exhihitiug 
Us  leading  facts,  and  clearly  elucidating  its  pliihjsophy, 
which  is  the  great  ot^ect  of  the  work. 

The  turrangeniuut  is  from  the  luuderii  tu  the  most  ancient, 
or  from  the  alluvial  and  diluvial,  down  through  tliti  tet^ 
tia^,  secondary,  and  trsnsillun,  (o  the  primary  rockg,  aud 
■11  the  igneous  foriualiuns;  ending  with  the  actual  igui- 
nttama  nioutlu,  as  tbey  appear  in  tlic  existing  volcaiios. 

Commenciug  with  the  humaa  epoch,  he  proceeds 
Ibnnigh  tlie  various  formations  which  preceded  the  creation 
id  aun;  and  the  several  eras  uf  the  tertiary,  llw  chalk, 
Iht  weald,  the  oolite  and  lias,  the  carbuniferoui  stratu, 
and  the  primary  rocks,  are  by  turus  the  subject  of  instruc- 
tlre  ud  eloquent  comment.  The  work  ii  illustrated  vith 
Muh  taUe ;  a  frontispiece,  by  the  aelebrated  British  [laiiiter 
Martin,  gives  a  representation  of  t!ic  country  of  the  Igua- 
noduD,  represeuCiug  the  moustcrsol'  llie  ancient  world  uttark- 
ing  and  devouring  eouh  other ;  two  drawings  of  corubi,  by 
Miss  Mmi'""i  iutsa  iUiLbellisluueut*  uf  litst-rale  beauty  aud 


tiilereat ;  and  more  than  a  hundred  wood  engravings,  wftll^ 
coloured  sections  of  strata,  maps,  Sic,  bestow  at  once  pie— 
tonal  grace  and  Bcientilic  illusbaCion  un  the  volumes.  A. 
work  of  this  Iciiid  comprbes  a  vast,  an  almost  unlimited 
lield  of  inquiry,  and  requires  in  the  writer  who  shuuld  da 
justice  to  the  subject,  qualiAcalions  and  powers  of  no 
common  character. 

TTlus  much  of  the  order ;  now  of  the  execution  of  tlie 
WoNBBM  op  Geoloov,  In  point  of  science  it  is  precise, 
accurate,  condensed,  and  cumulative  in  proof,  conducting^ 
the  pupil  forward  by  a  series  of  steps,  grateful  in  the  pro- 
gress, and  concluuve  in  the  resulL  The  style  is  lucid  and 
elevated,  while  the  figures  rendur  every  thing  intelligible, 
even  to  the  unicientilic  reader.  Tiie  introduction  which 
precedes,  and  ihe  retrospect  which  cloaca  each  leclitre, 
ojford  an  admirable  summary  both  of  tacts  and  doctrine, 
and  are  distiuguiahcd  by  eloquent  diction  and  comprehen- 
sive views.  As  the  greatest  recommendatiou  of  Dr. 
Mantell's  work,  we  would  remark,  that  it  is  an  excellent 
pioneer  and  conductor  for  tlte  pupil  attending  a  course  of 
lectures,  and  even  for  the  private  student,  who  has  to  work 
his  own  way  without  a  guide.  In  both  these  respects,  it  i( 
superior  to  any  book  jvilli  which  we  are  acquainted,  and  wc 
are  gratiiied  in  having  it  in  our  power  to  introduce  it  to  the 
American  public  imder  a  form  in  which  it  can  roach  the 
college*,  academies,  and  Echools — not  to  mention  the  studies 
of  literary  men,  and  the  pariours  of  families.  It  is  a  liook 
of  delightful  entertainment  as  well  as  of  instruction,  and 
although  less  elaborate  thsti  the  original  works  of  iuveiti- 
gation  of  the  same  author,  will  find  its  way  la  many  more 
readers,  and  will,  therefore,  be  even  more  extensively  uselitl 
than  they  have  been. 

The  author  modestly  diaclaima  the  merit  of  originality, 
but  the  seieutilic  world  will  nut  forget  Ibat  his  own  original 
iuvesligatioiiB  have  been  among  the  most  succes^U  of  the 


^  and  Iheir  results  nnrnn^  t)ip  m(wt  lirilliaiit  oblainei!  by 

Tlie  present  work,  like  others  of  tliB  same  ftiitlior,  ia  rfU- 
lingluilied  by  a  reverend   spirit   hiwarda  the  Author   of 

e,  who  Bppt'ars  to  be  aomelimes  forgetteii  hy  those 
■lio  JQvestigHle  his  vacks,  while  Dr.  ManteD's  voliimea 
vill  leave  a  happy  iiioral  and  religious  impresaiou  upon  the 
la  of  ^oung  persons. 

b  an  interesting  fact  that  among  the  fine  writers  of 
tbc  present  day,  several  of  the  geologists  bold  n  very  high 
nA,  and  their  varks,  ttllbnugh  devoted  to  science,  are  also 

nament  to  literature.  Who  can  write  belter  than 
9(^;«ick,  liuckland,  Lyell,  Dauhentiy,  Murehiaoii,  Dc  Ln 
Bwhe,  Mantell,  and  many  other  geologists  who  might  he 

There  is  btil  one  painfid  impression  left  on  the  mind,  in 
Attiog  Dr.  Muntell's  voluinea.  He  informs  us  chat  thiii* 
litifar«vell  toscience,t  as  he  must  henceforth  be  solely 
dmXed  to  his  arduous  profeasion,  and  for  this  purpose  he  has 
'Hready  left  ihe  classical  fields  of  his  own  geological  domain— 
Til|ite  Forest  and  Rrighton  clifFs,  and  (he  South  Downs  of 
SoMU — to  plant  himself  in  a  suburban  village  of  the  metro- 
;ialis,J  es  a  pructi«mg  surgeon  and  physician.  We  are  thus 
leninded  of  UlacksloDe's  fhrewell  to  the  Muaee,  when  he 
«u  about  lo  enter  the  gloomy  halls  of  the  courts  of  lav ; 
md  still  more  forcibly,  of  the  struggle  of  Garrick  between 
Comedy  aud  Tragedy,  as  portrayed  by  the  magic  pencil  of 
Reynolds — each  rival  sister  wooing  him  with  admitted  and 
dMM.pKvatling  attractions.  In  the  present'Contest  bo- 
tUMB  mcdiciae  and  science,  each  striving  to  opproprialc 
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to  itself  sn  honotued  votnry,  we  dare  nvnw  thnt  our  loyal', 
19,  at  nil  linzards,  piigagcd  in  favour  of  gpi'logy ;  and  w' 
cannot  but  express  our  deep  regret,  that  a  man  who  III^ 
done  honour  to  the  Britieh  nation,  itnd  delighted  tlie  ■deic 
tific  world  )>y  his  beautiful  rcsirarotica,  bIiouM  not  be  tmdc 
easy  to  pursue  (he  bent  of  his  onn  glowing  and  higldy- 
gifled  mind,  and  thus  to  work  onward  in  science  until  the 
labour  of  life  is  done !  In  conclusion  we  lament  to  uld,  (bat 
from  the  death  of  the  noble  patron  of  the  Sussex  InititutiaD, 
the  Ear)  of  Egreinotit,  and  tlie  sMpinenesB  of  some,  and  the 
oppoaitiun  of  others  of  its  members.  Dr.  Mautell  bas  been 
compelled  to  abandon  the  long-cheriahed  hope  of  cstaliliih- 
ing  a  county  museum  in  bis  native  province,  and  thp 
"  ^untelUan  Musetun "  is  now  removed  (o  Ibc  British 
Miiseum ;  Sussex,  to  tbc  disgrace  of  its  wealthy  inliabitants, 
being  thus  deprived  for  ever  of  that  invaluable  collection  nl 
the  natural  records  of  its  physical  history. 
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«  BriBhloD.    M.  1 


1.  Introductohy  bemabks.  —  It  has  been  < 
served  by  a.  distinguished  divine,'  that  in  order  fl 
obtain  a  proper  sense  of  the  interest  and  import 
of  any  acience,  and  of  the  objects  which  it  embra 
nothing  more  is  necessary  than  the  intent  and  pa 
severing  study  of  them ;  and  that  such  is  the  c 
summate  perfection  of  all  the  works  of  the  Creatd 
that  every  inquirer  will  discover  a  surpassing  worth, 
and  grace,  and  dignity,  in  that  especial  department 
of  knowledge  to  which  he  may  peculiarly  devote 
his  attention.  Whatever  walk  of  philosophy  he 
may  enter,  that  will  appear  to  him  the  path  which 
is  the  most  enriclied  by  all  that  is  fitted  to  captivate 
the  intellect,  and  to  excite  the  imagination.  Yet 
before  we  can  attain  that  elevation  from  which  we 
may  look  down  upon  and  comprehend  the  mysteries 
of  the  natural  world,  our  way  must  be  steep  and 
toilsome,  and  we  must  learn  to  read  the  records  of 
creation  in  a  strange  language.  But  when  this 
knowledge  is  once  acquired  it  becomes  a  mighty 
instrument  of  thought,  enables  us  to  link  together 
the  phenomena  of  past  and  future  times,  and  gives 
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tbe  mind  a  domination  over  many  parts  of  the  natural 
'^'orld,  by  teaching  it  to  comprehend  the  laws  by 
"^which  the  Creator  has  ordained  that  the  actions  of 
•material  things  shall  be  governed. 

2.  Importance  of  geology.— In    the   whole 
«2ircle  of  the  sciences,  there  is  pcrhapa  none  that 
xnore  strikingly  illustrates  the  force  and  truth  of 
Ihese  remarks,  tiian  Geology;  none  which  offers  to 
xtB  votaries  rewards  so  rich,  so  wondrous  and  in- 
«xhau8tible.     In  the  shapeless  pebble  that  we  tread 
-upon,  in  the  rude  mass  of  rock  or  clay,  the  un- 
instructed  eye  would  in  vain  seek  for  novelty  or 
l>eauty;  like  the  adventurer  in  Eastern  fable,  the 
inquirer  finds  the  cavern  closed  to  his  entrance,  and 
tbe  rock  refusing  to  give  up  the  treasures  entombed 
within  its  stony  sepulchre,  till  the  talisman  is  ob- 
tained that    can    dissolve    the   enchantment,    and 
unfold  the  marvellous  secrets  which  have  so  long 
Iain  bidden. 

3.  Natcbe  of  geology. — To  the  mind  which 
is  DDacquainted  with  the  nature  and  results  of 
geological  inquiries,  and  which  has  been  led  to 
believe  that  the  globe  we  inhabit  is  in  the  state 
in  which  it  was  first  created,  and  that  with  tbe 
exception  of  the  effects  of  a  general  deluge,  its 
surface  heis  undergone  no  material  change,  many 
of  the  facts  to  be  noticed  in  the  course  of  these 
lectnree  may  appear  almost  incredible,  and  the  in- 
ferences deduced  from  their  investigation  be  con- 
sidered as  the  vagaries  of  the  imagination  rather 


than  tlie  legitimate  inferences  of  sound  philosoptrt 
If,  therefore,  it  be  absolutely  necessary,  as  it  D 
questionably  is,  that  in  the  pursuit  of  knowled 
of  any  kind,  before  even  experieuce  can 
ployed  with  advantage,  we  must  dismiss  from  o 
minds  all  prejudices,  from  whatsoever  source  t 
may  arise,  this  mental  purification  becomes  I 
niore  indispensable  in  a  science  like  Geology, 
which  we  meet  at  the  very  threshold  with 
novel  and  astounding ;  teaching  us,  that  althoiq 
man  and  other  living  things  be,  as  it  were,  but  tl 
creation  of  yesterday,  the  earth  has  teemed  with  qui 
berless  forms  of  animal  and  vegetable  life,  myriads  q 
ages  ere  the  existence  of  the  human  raj:e. 

Geology  may  be  termed  the  physical  history  of 
the  earth, — it  comprehends  the  investigation  of  its 
structure,  and  the  characters  and  causes  of  the 
various  changes  which  have  taken  place  in  the 
organic  and  inorganic  kingdoms  of  nature.  It  haa 
been  emphatically  called,  by  one  of  our  most  emi- 
nent philosophers,  the  sister  science  of  Astronomy, 
But,  relating  as  it  docs  to  the  history  of  the  pasti 
and  carrying  us  back,  by  the  careful  examination  of 
the  relics  of  former  ages,  to  periods  so  remote  as  to 
startle  all  our  preconceived  opinions  of  the  age  of  our 
globe,  the  fate  of  its  early  cultivators  has  resembled 
that  of  the  immortal  Galileo  and  tiie  astronomers 
of  his  time  ;  and  for  a  similar  reason,  namely,  the 
supposed  discrepancy  between  the  discoveries  and 
inferences  of  science,  and  the  Mosaic  cosmogony. 


^  4.  HABMONT  WITH  REVELATION.  5 

4f.  Harmony  between  revelation  and  geo- 
ii-OGY.— There  was  a  time  when  every  geologist  was 
required  to  defend  himself  against  imputations  of 
this  kind,  and  I  deeply  regret  to  find  that  there  still 
exists  in  the  minds  of  many  well-meaning  persons 
a  prejudice  against  the  study  of  Geology,  from  a 
mistaken  apprehension,  lest  it  should  weaken  our 
belief  in  the  -revealed  word  of  God ;  for  they  assume 
that  a  discrepancy  must  exist  between  the  results  of 
geological  inquiries  and  the  Mosaic  account  of  the 
creation  of  the  world.     But,  convinced  as  I  am  of 
the  utter  impossibility  that  there  ever  can  be  any 
collision  between  the  purest  piety  and  sound  philo- 
sophy, and  that  these  prejudices  have  been  created 
and  perpetuated  by  authors,  who,  falsely  styling 
themselves  geologists,  have  mixed  up  their  own 
vague  and  erroneous  notions  with  the  history  of  the 
earth  as  given  by  the  inspired  writer,  attempting, 
with  the  presumption  of  ignorance,  to  account  for 
that  which  lies  beyond  the  reach  of  human  investi- 
gation,   and    to  explain  it    by  evidence   equally 
mbapprehended  and  misapplied, — I  would  most 
imequivocally  assert  that  a  just  view  of  the  nature  « 
and  limits  of  geological  science  warrants  no  such 
reproach.     Abandoning  all  attempts  to  explain  the 
inexplicable,  or  to  reconcile  the  irreconcilable,  it 
confines  itself  to  its  legitimate  purpose  of  accumu- 
lating   and    investigating    facts,    of  pointing   out 
analogies,  and  indicating  the  inferences  to  which 
they  lead  ;   **  this  is  far  different  from  that  pre- 
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sumption  which  would  fain  pruve  the  truth  i 
Scripture  by  physical  evidence,  or  the  weakiM 
that  would  found  a  system  of  natural  philosoj^ 
on  the  inspired  record."  Nothing  is  u 
warrantable  tlian  attempts  to  identify  theories  | 
etience  with  particular  interpretations  of  the  sacr 
text;  and  tlie  caution  of  Lord  Bacon,  uttered^J 
century  and  a  half  before  geology  even  had  a 
cannot  be  too  often  repeated.  "Let  no  man 
he,  "  upon  a  weak  conceit  of  sobriety,  or 
applied  moderation,  think  or  maintain  that  a  n 
can  search  too  far,  or  be  too  well  studied  ia  t 
book  of  God's  word,  or  the  book  of  God's 
divinity  or  philosophy :  but  rather  let  men  endeavour 
UD  endless  progress  or  proficiency  in  both ;  only  let 
them  beware  that  they  apply  both  to  charity  and 
not  to  arrogance — to  use  and  not  to  ostcntatioD ; 
aiid  again,  that  they  do  not  unmsely  mingle  or  con- 
found l/tcsc  learnings  together,"  So  deeply  impressed 
have  I  been  with  the  necessity  of  strictly  obeying 
this  admonition,  that  in  all  my  written  or  oral  dis- 
cussions on  geology  I  have,  on  this  subject,  in- 
variably coulined  myself  to  a  statement  of  the 
opinions  of  several  eminent  philosophers  and  divines, 
in  the  hope  that  the  example  of  men,  alike  distin- 
guished for  their  piety  and  learning,  cultivating 
with  ardour  this  fascinating  department  of  natural 
science,  and  stating  their  conviction  of  its  high 
importance  and  beneficial  influence  upon  the  mind, 
would  be  a  sufficient  and  direct  reply  to  the  absurd 
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■ad  anfounded  charges  brought  against  geology. 
On  the  present  occasioD,  I  shall  content  myself  with 
Ote  following  extract  from  the  sermons  of  the 
present  Bishop  of  London  :  "  As  we  ore  not  called 
i^n  by  Scripture  to  admit,  so  neither  are  we 
required  to  deny  the  supposition,  that  l/ie  matter 
without  form,  and  void,  out  of  which  tki»  globe  wat 
Jnmed,  mat/  have  consisted  of  l/ie  wrecki  and  reiics 
of  more  ancient  worlds,  created  and  destroyed  by 
Ike  lame  Almighty  Power  which  called  our  -world 
mfo  being,  and  will  one  day  cause  it  to  pass 
aicoy."* 

Thus,  while  the  Bible  reveals  to  us  the  moral 
history  and  destiny  of  our  race,  and  instructs  us  that 
man  and  the  existing  races  of  living  things  have 
been  placed  but  a  few  thousand  years  upon  the 
earth,  tLe  physical  monuments  of  our  globe  bear 
witness  to  the  same  truth ;  and  as  astronomy  un- 
folds to  us  innumerable  worlds,  not  spoken  of  in 
the  sacred  records,  geology  in  like  manner  proves, 
oot  by  arguments  drawn  from  analogy,  but  by 
Incontrovertible  physical  evidence,  that  there  were 
former  conditions  of  our  planet,  separated  from 
each  other  by  vast  intervals  of  time,  during  which 
this  world  was  teeming  with  life,  ere  the  creation  of 
man  and  the  animals  which  are  his  coteniporanes. 

5.    EXTEMT    OF    GEOLOGICAL    EPOCHS.— At    the 

first  step  we  take  in  geological  inquiries,  we  are 
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struck  with  the  immeDse  periods  of  time  which 
phenomena  presented  to  our  view  must  have  requii 
for  their  production,  and  the  incessant  changes  w] 
appear  to  have  been  going  on  in  the  natural  world  s- 
but  we  must  remember  that  time  and  change 
great  only  with  reference  to  the  faculties  of  the 
beings  which  note  them.      The  insect  of  a  da]r^- 
contrasting   its   ephemeral   life  with  that  of   thi 
flowers  on  which  it  rests,  would  attribute  an  un*— 
changing  permanence  to  the  most  evanescent  oi 
vegetable  forms ;   while  the  flowers,  the  trees,  and 
the  forests  would  ascribe  an  endless  duration  to  the 
soil  on  which  they  grow:   and  thus,  uninstruoted 
man,    comparing   his    transient  earthly   existence 
with  the  solid  framework  of  the  world  he  inhabits, 
deems  the  hills  and  mountains  around  him  coeval 
with  the  globe  itself.     But  with  the  enlargement 
and  cultivation  of  his  mental  powers,  man  takes  a 
more  just,  comprehensive,  and  enlightened  view  of 
the  wonderful  scheme  of  creation ;  and  while  in  his 
ignorance  he  imagined  that  the  duration  of  the  globe 
was  to  be  measured  by  his  own  brief  span,  and 
arrogantly  deemed  himself  alone  the  object  of  the 
Almighty's  care,  and  that  all  things  were  created 
for  his  pleasures  and  necessities,  he  now  becomes 
conscious  of  his  own  dependence,  and  entertains  more 
correct  ideas  of  the  mercy,  wisdom,  and  goodness 
of  the  Creator.     And  while  exercising  his  high  pri- 
vilege of  being  alone  capable  of  contemplating  and 
understanding  the  wonders  of  the  natural  worlds  he 


\aarn9  that  most  important  of  all  lessons — to  doubt 
tlK  evidence  of  his  senses,  until  conflnned  by  cautious 
uid  patient  observation. 

6.  Object  of  the  LECTUREa. — With  these  in- 
ttoductory  remarks  I  proceed  to  the  consideraCion 
of  the  subjects  selected  for  the  present  discourse. 
And  here  I  may  observe,  that,  from  the  magnitude 
sad  diversity  of  the  objects  embraced  by  geology, 
it  is  scarcely  passible  to  offer,  in  the  space  assigned 

i  Ik  a  course  of  popular  lectures,  even  an  epitome 
I  cf  the  ■wonders  which  modern  researches  have 
brought  to  light.  This  consideration  therefore 
must  be  my  apology  for  the  concise  manner  in 
which  many  interesting  facts  may  perhaps  be  noticed; 
and  I  would  beg  of  you  to  consider  that  lectures  of 
this  kind  are  intended  to  excite,  rather  than  to 
utisfy,  a  rational  curiosity ;  that  they  are  designed 
W  promote  a  taste  for  philosophical  pursuits,  but 
UQDot  supersede  the  necessity  of  study  and  of  per- 
(qobI  investigation, 

7.  Phssical  structure  of  the  earth. — 
The  globe  we  inhabit  may  be  described  as  a  planetary 
orb  of  a  few  thousand  miles  in  circumference,  and 
of  a  spheroidal  shape ;  its  figure  being  such  as  a 
body  in  a  fluid  state,  and  made  to  rotate  on  its 
mis,  would  assume.  Its  mean  density  is  five  times 
greater  than  that  of  water,  the  interior  being  double 
that  of  the  solid  superficial  crust:  the  internal 
part  of  the  earth,  if  cavernous,  must  therefore  be 
composed  of  very  denae  materials,    Its  surface  is 
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computed  to  contaiD  190  millions  of  square  mileKia 

which  three-fifths  are  covered  by  seas,  and  anothw-* 
Ifti^eproportionby  vast  bodieaof  fresh  water,  bjpoltL^^ 
ice  and  eternal  anons ;  so  that  taking  into  considera  - — 
tion  sterile  tracts,  nioraaseB,  Sic.,  scarcely  more  than^ 
one-fil^h  of  the  surface  of  the  globe  is  lit  for  th^^ 
habitation  of  man  and  terrestrial  animals.*  The  aree^K- 
of  the  Pacific  Ocean  alone,  is  estimated  as  equal  t(^" 
the  entire  surface  of  the  dry  land.  The  distributioi^ 
of  the  land  is  exceedingly  irregular,  the  greater  pro— ^ 
portion'being  situated  in  the  northern  hemisphet«^ 


as  a  reference  to  a  terrestrial  globe,  or  a  map  of  the 
world,  will  clearly  demonstrate. 

■  BakaweU's  Geology.  +  Do  la  Beche. 
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In  a  geological  point  of  view,  dry  Jand  may  be 
,  eoiuidered  as  so  much  of  the  crust  of  the  earth  as  is 
i  the  level  of  the  water,  beneath  which 
Kagain  disappear.  From  accurate  calculatioDS 
roved  that  the  present  land  might  be  distri- 
I  over  the  bed  of  the  ocean,  in  such  nianuer 
that  the  surface  of  the  globe  would  present  an  un- 
interrupted sheet  of  water.  Thus  we  perceive  that 
every  imaginable  distribution  of  land  and  water  may 
take  place ;  and  consequently  that  every  variety  of 
urganic  life  may  find  at  different  periods  suitable 
abndes. 

8,  Geographical  distribution  ob  animals. 
—The  investigation  of  the  laws  which  govern  the 
geographical  distribution  of  animals  and  vegetables 
is  highly  interesting  ;  but  as  my  limits  compel  me 
to  be  brief,  I  must  refer  you  to  the  third  volume  of 
Mr,  Lyell's  "  Principles  of  Geology,"  for  more  ample 
details.  It  will  hS  sufGcient  for  our  present  purpose 
lu  state,  that  although  it  might  have  been  expected 
Ibat,  all  other  circumstances  being  equal,  the  same 
antmak  and  plants  would  have  been  found  in  places 
of  Uke  climate  and  temperature,  this  identity  of  dis- 
tribution does  not  esist.  Wlien  America  was  first 
discovered,  the  indigenous  quadrupeds  were  all  dis- 
iimilar  to  those  of  the  old  world.  The  elephant, 
rhinoceros,  hippopotamus,  giraffe,  camel,  horse, 
ba^o,  lion,  tiger,  &c.  were  not  met  with  on  the 
Mw  continent ;  while  the  American  species  of  mam- 
tuHa,  as  the  llama,  jaguar,  paca,  coati,  sloth,  &c. 
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were  unknown  in  the  old.     New  Holland  contiutj 
as  19  well  known,  a  moat  i 
mammalia,  consisting  of  more  than  fort;  specifl 
of  marsupial  animals,  of  which  the  kangar 
familiar  example.    The  islands  of  the  Pacific  Ocea 
possess  no  quadrupeds,  except  hogs,  dogs,  rats,  a 
a.  few  bats. 

The  distribution  of  vegetable  life,  although  p 
haps  more  arbitrarily  fixed  by  temperature  and  1 
local  influences  than  that  of  animab,  presents  mn 
anomalies.    From  numerous  observations,  howen 
it  appears  that  vegetable  creation  took   plac 
different  centres,  each  having  been  the  focus  of  a 
peculiar  genus  or  species ;  for  many  plants  have  a 
local  existence,  and  vegetate  naturally  in  one  district 
alone ;  thus  the  cedar  of  Lebanon  is  indigenous  on 
that  moiintaiD,  and  does  nut  grow  spontaneously  in 
any  other  part  of  the  world.     It  ia  also  ascertained 
that  certain  great  divisions  of  the  vegetable  kingdom 
are  distributed  over  certain  regions  :  we  shall  have 
occasion  to  refer  to  this  subject  in  the  lecture  de- 
voted to  the  consideration  of  Fossil  Botany.  ■  J 

9.  Temperature  of  the  earth.— The  temi  I 
perature  of  the  surface  of  the  globe  depends  on  1 
the  action    of  solar  light  and  heat ;    hence   the 


difference  of  the 
latitudes ;  but  there  are 
the  distribution  of  the  si 
great  local  variations :  i 
however,  the  temperatur 


id  climates  of  various 
many  causes  which  modifj 
n's  influence,  and  produce 
ider  equal  circumstances, 
I  is  found  progressireljr  to 
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I  from  the  equator  to  t)ie  poles.  There  is 
'llso  an  internal  source  of  heat,  the  cause  of  which 
hae  flot  yet  been  determioetl,  hut  i^  probahly  con- 
liected  with  the  original  coustitution  of  our  planet. 
It  has  been  asceitained,  by  careful  experiments,  that 
below  the  depth  to  which  the  solar  heat  can  pene- 
traie,  there  is  an  invariable  increase  of  temperature, 
amounting  to  1°  of  Fahrenheit  for  every  fifteen 
yards  :  so  that  it  is  possible  that  at  the  depth  of  100 
miles  beneath  the  surface  of  the  earth,  even  the 
t  fusible  mineral  masses  may  be  in  a  state  of 
incandescence. 

10.  Nature  of  the  crust  of  the  globe, — 
The  greatest  thickness  of  the  superficial  crust  of  the 
globe,  that  is,  oft/ie  mass  of  solid  tnaleriah  which 
Ifte  fHgmuity  of  man  has  been  able  to  examine, 
from  the  highest  mountain  peaks  to  the  greatest 
nUiiral  or  artificial  depths,  is  estimated  at  about 
ten  miles.  As  the  earth  is  nearly  eight  tboiiaand 
Diiles  in  diameter,  the  entire  series  of  strata  hitherto 
explored  is,  therefore,  but  very  insignificant  com- 
pared with  the  magnitude  of  the  globe ;  bearing 
about  the  same  relative  proportion,  as  the  thick- 
ness of  this  paper,  to  an  artificial  sphere  a  foot 
in  diameter;  the  inequalities  and  crevices  in  the 
Tarnish  of  such  an  instrument  would  be  equal 
iu  proportionate  size  to  the  highest  mountains 
and  deepest  valleys.      In  the  following  diagram,* 

•   From  iha  Penny  Cjclopffidla. 
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the  relative  proportions  of  the  crust  of  the  eartim. 
and  the  inequalities  of  its  surface,  as  compared 
with  the  mass  of  our  planet,  are  attempted  to  be 
shown." 


The  line  from  e  to  A  represents  b  depth  of  500 
miles  ;  to  the  point  t,  a  depth  of  100  miles ;  to  the 
line  /,  forty-five  miles  above  the  surface,  the  sup- 
posed limit  of  the  earth's  atmosphere  ;  and  the  dark 
line,  a  thickness  of  ten  miles,  the  estimated  depth 
of  the  crust  of  the  earth.  The  points  d,  e,  f,  g, 
indicate  the  altitude  of  the  highest  mountains  in  the 
world ;-(-  the  depth  of  the  sea  is  shown  by  the  line 


■  To  prEServe  as  far  ai 


lefeieDce 


c  the  language  and  spirit  □ 


ineDB  are  retained.     The  Author's  collection  is 
from  Brighton,  and  deposited  in  the  BritiBh  Museum. 

+  The  !)ighest  peak  of  the  Alps,  and  of  Europe,  is  Mont 

Btanc,  ffhich  is  \&fi60  feet  above  the  level  of  the  aca — of  the 

Andea,  Chimborazo,  which  ii  21,42d  feet— and  of  the  Hinta- 
Uyaa,  Dhwalagiri,  estimated  at   28,000  feel,  being  more  than 

five  milea  of  perpendicular  aUItude. 
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^y  hf  at  the  extremities  of  the  arc.     As  a  thickness 

<>f  100  miles  so  far  exceeds  that  of  the  whole  of  the 

strata  that  are  accessible  to  human  observation,  we 

Cannot  doubt  that  disturbance  of  the  earth's  sur- 

&ce,  even  to  ten  times  the  depth  of  those  which 

Come  within  tl^e  scope  of  geological  inquiry,  may 

take  place,  without  in  any  sensible  degree  affecting 

the  entire  mass  of  the  globe.*     If  these  facts  be 

duly  considered,  the  mind  will  be  prepared  to  receive 

one  of  the  most  startling  propositions  in  modern 

geology — namely,  that  the  highest  mountains  have 

<»ice  been  the  bed  of  the  sea,  and  have  been  raised 

to  their  present  situations  by  subterranean  agency, — 

some  slowly,  others  suddenly,  but  all,  geologi.cally 

speaking,  at  a  comparatively  recent  period. 


*  Mr..  Falrholme  suggests  the  following  ingenious  method 
to  convey  a  general  idea  of  the  relative  magnitude  of  the  in- 
equalities of  the  earth's  surface.  If  we  form  a  scale  on  the  sand 
of  the  sea-shore  in  the  proportion  of  an  inch  to  a  mile,  we  shall 
have  a  circle  of  8000  inches,  or  222  yards  in  diameter,  which, 
when  marked  out  with  small  stakes,  appears  a  very  large  area. 
Placing  ourselves  upon  any  part  of  this  circumference,  we  have 
an  opportunity  of  taking  a  just,  though  microscopic,  view  of  the 
surface.  The  highest  mountains  in  the  world  would  be  repre^ 
sented  by  a  little  ridge  five  inches  high ;  the  profound  abyss  of 
the  ocean  by  a  groove  of  the  same  depth ;  while  the  medium 
inequality  of  sea  and  land  would  not  exceed  one  inch.  To  form 
an  idea  of  smaller  objects,  we  must  examine  an  inch  scale, 
feiely  graduated,  by  the  aid  of  a  microscope,  and  we  shall  then 
find  that  the  tallest  man  would  be  about  the  880th  part  of  an 
ilich  in  height — the  size  of  the  smallest  animalcule  observed  in 
fliiids* 
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11,  Composition  of  the  rocks  and  strak 
— The  superficial  crust  of  the  globe  is  compoaedJ 
numerous  layers  and  mosses  of  earthy  substanoi 
of  which  combinations  of  iron,  lirae,  and  siles,  ^ 
flint,  constitute  a  large  proportiou  ;  the  latter  fott 
ing  forty-five  per  cent  of  the  whole.     Th< 
which  have  been  deposited  the  latest,  beai 
marks  of  mechanical  origin,  and  are  the  WBter-w<H 
ruins  of  older  rocks  ;  as  we  descend,  materials  of  ft  J 
denser  character  appear,  which  also  exhibit  proo&  I 
of  having  been  subject  to  the  action  of  water  ;  but  I 
when  we  arrive  at  the  lowermost  in  the  scalej 
crystalline  structure  generally  prevails ;   and  while 
in  the  newer  strata,  trees,  plants,  sheila,  and  other 
remains  of  animals   and  vegetables  are  found  in 
profusion,  in  tlie  most  ancient  rocks  all  traces  of 
organic  forms  are  absent. 

12,  Classification  of  bocks. — In  the  infancy 
of  the  science  these  remarkable  facts  gave  rise  to 
an  ingenious  theory,  which,  however,  from  being 
founded  on  insufficient  data,  has  proved  untenable. 
Still  it  may  be  convenient  to  notice  the  hypothesis, 
since  the  terms  employed  are  still  retained  in  the 
nonienclatnre  of  geology.  Agreeably  to  this 
theory,  the  mineral  masses  of  which  the  crust  of 
the  earth  is  composed,  ore  separated  into  three 
groups. 

13,  Primary  rocks.— Ist.  The  Primitive  (now 
called  Primary)  Rocks;  sucli  as  granite,  sieaite, 
porphyry,  ftc. :  these  are  of  a  crystalline  structure, 
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«nd  have  evidently  been  reduced  to  their  present 
9tMe  by  igneous  agency.  Tliey  arc  tiie  lowermoat 
roclis.  And  constitute  the  foundation,  on  which  all 
the  Dewer  strata  have  been  deposited ;  they  also 
attain  tlie  liiglicst  elevations  on  the  surface  of  the 
globe.  They  were  termed  primitive,  because  it 
TTEs  inferred,  from  tiie  entire  absence  of  organic 
remains,  that  they  had  been  formed  before  the  crea- 
tioQ  of  animals  and  vegetables ;  but  it  is  now  ascer- 
tsioed  that  granite  and  its  associated  rocks  are  of 
various  ages,  and  are  sedimentary  deposits  altered 
I);  exposure  to  a  very  high  temperature. 

14.  Transition  strata. — 2d.  The  Tramition 
Strata.  These  are  super-imposed  on  the  primitive, 
are  more  or  less  distinctly  stratified,  and  contain 
the  fossilized  remains  of  animals  and  plants.  They 
received  the  name  of  IransUion,  because  it  was 
Usnmed  that  they  had  been  formed  at  a  period 
when  the  surface  of  the  earth  and  the  seoa  were 
pawing  into  a  state  fit  for  the  reception  of  orga- 
nised beings.  Modern  researches  have,  however, 
shown  that  they  are,  like  the  primary  rocks,  strata 
modified  by  the  effects  of  heat  under  great  pres- 
sure, 

15.  Secondary  strata, — 3d.  Tke  Secondary. 
These  have  clearly  originated  from  the  destruction 
of  the  more  ancient  rocks,  and  have  been  deposited 
in  hollows  or  depressions,  by  the  action  of  rivers 
and  seas.  They  abound  in  the  mineralized  remains 
of  raim&ls  tnd  plants ;  the  most  ancient  inclosing 
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loopbj'tes  and  shells ;  tiie  next  in  antiquity  00) 
taining,  in  addition,  vegetable  remains  and  fishfl 
thoBe  which  succeed  enveloping  not  only  fiih 
shells,  zoophytes,  and  plants,  but  also  insects  ii 
bones  of  enormouB  reptiles,  of  birds,  and  of  onei 
more  genera  of  marsupial  animals.  The  chalk 
the  uppermost,  or  most  recent  of  this  class,  i 
the  secondary  rocks  have  manifestly  been  fonu 
by  the  agency  of  water,  it  is  clear  that  they  w« 
originally  deposited  in  horizontal,  or  nearly  ka 
zontal  layers  or  strata,  although  by  far  the 
portion  has  since  been  broken  up,  and  now  lies 
directions  more  or  less  inclined  to  tlie  horizon. 

For  the  convenience  of  study,  this  subdivisioti 
the  rocks  is  still  retained,  as  will  hereafter  be  shn 
To  the  above  groups  modern  geologists  have  add 
a  fourth  class,  the  Tertiart/, 

16.  Tertiary  strata.— 4-th.  The  TerttarfU 
These  lie  in  hollows  or  basins  of  the  chalk,  m 
other  secondary  rocks,  and  are  formed  of  the  i 
trituB  of  the  more  ancient  beds.  They  abound- 
sliells,  plants,  zoophytes,  Crustacea,  fishes,  &c. :  m 
in  them,  with  but  one  exception,  the  bones  of  mai 
malia  first  appear. 

17.  Alluvial  deposits. — Of  a  later  formation 
than  the  tertiary  strata,  are  those  accumulations  of 
water-woru  materials,  which  are  spread  over  the 
surface  of  almost  every  country  more  or  less  abuB* 


■  See  PUte  X.  Fig.  3. 
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ctantly.  These  are  termed  alluvial  deposits;"  they 
contain  remains  of  the  esiating  races  of  animals  and 
plants,  associated  with  those  of  species  that  are  no 
longer  to  be  met  with  on  the  face  of  the  earth. 

Even  this  slight  examination  of  the  strata  aiTords 
convincing  proofs  of  a  former  condition  of  animated 
nature,  widely  different  from  the  present.  We  have 
evidence  of  a  succession  of  periods  of  unknown 
duration,  in  which  both  the  land  and  the  sea  teemed 
with  forms  of  existence  that  have  successively  dis- 
appeared and  given  place  to  others ;  and  these  again 
to  new  races,  approaching  gradually  more  and  more 
nearly  to  those  which  now  inhabit  the  earth,  till  at 
length  existing  species  make  their  appearance. 

18.  Gkolocicai.  mutations. — From  this  view 
of  the  physical  structure  of  our  planet  we  learn,  at 
least  so  far  as  the  limited  powers  of  man  can  pene- 
trate into  the  history  of  the  past,  that  the  distribution 
of  land  and  water  on  its  surface  has  been  under- 
going perpetual  mutation  ;  yet,  that  through  a  V8st 
period  of  time,  the  physical  condition  of  the  earth 
has  not  materially  differed  from  the  present ;  that 
the  dry  land  has  been  clothed  with  vegetation,  and 
tenanted  by  appropriate  inhabitants ;  and  that  the 
sea  and  the  bodies  of  fresh  water  have  swarmed 
with  living  forms;  that  at  a  remote  epoch,  though 
animal  and  vegetable  life  existed,  the  species  were 

■  The  tcnn  dilimal  ia  applied  bysomegeoJcigiBta  toihe  mott 
imcient  of  these  depoaita ;  and  that  of  alluvial  lo  Ihe  in«]eni 
MGinnulBtiiMiB  only. 


L. 
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wholly  different  from  any  that  now  abound,  and  ^€f 
greater  number  of  a  nature  fitted  to  lire  in  a  tem*^ 
perature  much  higher,  and  more  equally  distributed, 
than  occurs  in  the  present  state  of  the  earth ;  and 
lastly,  that  in  the  inferior,  or  most  aacient  beds,  all 
traces  of  mechanical  action,  and  of  animal  slid  ytg^ 
table  organization)  are  absent ;  or  in  other  tWOOb^ 
have  either  never  existed,  or  have  been  alttgfltir 
MUerated.  Before  entering  upon  that  dJepaviMMife 
of  the  subject  to  which  the  term  Geology  kiyitlm^ 
monly  restricted,  it  will  facilitate  our  comprdlMlljto 
of  many  of  the  appearances  which  the  stnUv.ft^: 
sent  to  our  notice,  if  in  this  place  we  cndofwtur 
to  penetrate  the  mystery  that  veib  the  ettMesi 
condition  of  the  earth  ;  but  this  we  ahall  in 
yain  attempt,  if  we  restrict  our  examination,  to 
the  physical  phenomena  observable  in  our  own 
planet. 

19.  Connexion  of  geology  with  astronomy* 
r — Here  Geology  leads  to  Astronomy,  and  teaches 
us  to  look  to  the  kindred  spheres  around  us  for  the 
elucidation  of  the  early  history  of  the  globe ;  and 
to  consider  the  earth  but  as  an  attendant  satelUte 
on  a  vast  central  luminary.  The  solar  system  con- 
sists of  the  sun,  whose  mass  is  made  up  of  solid 
matter,  which  is  surrounded  by  a  luminous  atnoo? 
sphere,  or  nebulosity ;  and  of  eleven  small  plan0t8^ 
which  revolve  around  it  in  various  periods ;  the 
earth  being  the  third  in  distance  from  the  sun,  luid 
in  bulk,  as  compared  with  that  body,  of  the  size  o£ 


'  apealothatof  a 
I  bitiag  3  satellite, 
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obe  two  feet  ia  diametsr :  and 
e  moon,  revolving  round  it. 


>f*^ 


~'Dpsn  examining  the  moon  w  th  ponerful  tele- 
Kr^KS)  we  perce  \  e  that  ita  surface  is  divers  fied  by 
IuUb  at>d  valleys;  that  it  is  a  coagenes  of  moun- 
tains, many  of  which  are  manifestly  volcanic,  the 
lavi  currents  being  distinctly  visible.  We  see  in 
fact  a  torn,  crateriform,  and  disturbed  surface,  like 
that  which  ve  may  conceive  would  be  presented  by 
our  earth,  were  the  pinnaclea  of  the  granite  moun- 
isins  unabraded,  and  the  valleys  neither  smoothed, 
mt  filled  up  by  sedimentary  deposits.*  In  Venus 
•  See  Appendix  A. 
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and  Mercury  tho  mountaius  appear  to  be  eaormoij 
while  in  Jupiter  and  Saturn  there  are  but  e 
traces  of  any  considerable  elevatiooa, 

20.  Nebular  theory  op  the  universe. 
Astronomy  instructs  us  that  in  the  original  < 
dition  of  the  solar  system  the  sun  was  tin 
of  a  nebulosity,  or  luminous  mass,  which  revolved 
on  its  axis,  and  extended  far  beyond  the  orbits  of  all 
the  planets  ;  the  planets  as  yet  having  no  existeDce. 
Its  temperature  gradually  diminished,  and  becoming 
contracted  by  cooling,  the  rotation  increased  in 
rapidity,  and  zones  of  nebulosity  were  Bucceasively 
thrown  off,  in  consequence  of  tlie  centrifugal  force 
overpowering  the  central  attraction  :  the  condensa- 
tion  of  these  separated  masses  constituted  the  planets 
and  satellites.  But  this  view  of  the  conversion  of 
gaseous  matter  into  planetary  bodies  is  not  limited 
to  our  own  system ;  it  extends  to  the  formation  of 
the  innumerable  suns  and  worlds  which  are  dis- 
tributed throughout  the  universe.  The  sublime 
discoveries  of  modern  astronomers  have  shown  that 
every  part  of  the  realms  of  space  abounds  in  large 
expansions  of  attenuated  matter,  termed  nebula, 
which  are  irregularly  reflective  of  light,  of  various 
figures,  and  in  different  states  of  condensation, 
from  that  of  a  diffused  luminous  mass,  to  suns  and 
planets  like  our  own.  It  must  be  admitted  that 
this  assertion  appears  astounding,— and  that  it  may 
fairly  be  asked  if  man,  the  ephemeron  of  the  mate- 
rial world,   can   measure   the  vast  epochs   which 


LL 


KEBULia  THEORT  OF  THE  UNIVERSE.  2S 

naric  the  progressive  development  of  buds  and 
systems?  The  genius  of  Herschel  has  effected 
ibis  wonderful  achievement,  and  explaioed  the  suc- 
cessive changes  by  which  suns  and  worlds  are 
formed,  through  the  agency  of  the  eternal  and 
unerring  laws  of  the  Almighty.  By  laborious  and 
nnreniitting  observations,  that  illustrious  philoso- 
pher, and  his  highly  gifted  son,  have  demonstrated 
the  progress  of  nebular  condensation, — not  indeed 
from  the  appearances  presented  by  a  single  nebula, 
(for  the  process,  probably,  can  only  become  sensible 
Ihroagli  the  lap^c  of  hundreds,  or  thousands,  of 
jeira,)  but  by  observations  on  the  almost  endless 
terjes  of  related,  contemporaneous  objects  in  every 
varied  state  of  progression,  from  that  of  a  cloud  of 
luminous  vapour,  to  the  most  dense  and  mighty  orbs 
that  appear  in  the  firmament.  As  the  naturalist  in 
liie  midst  of  a  forest  is  unable  by  a  glance  to  dis- 
cover that  the  trees  around  him  are  in  a  state  of 
progressive  change ;  yet  perceiving  that  there  are 
plants  in  different  stages  of  growth,  from  the  acorn 
just  bursting  from  the  soil  to  the  lofty  oak  that 
itands  the  monarch  of  the  woods,  can  readily,  from 
the  succession  of  changes  thus  at  once  presented 
to  his  view,  ascertain  the  progression  of  vegetable 
Ufe,  although  extending  over  a  period  far  beyond 
his  own  brief  existence  : — in  like  manner,  the  astro- 
nomer, by  surveying  the  varied  condition  of  the 
heavenly  bodies  around  him,  can,  by  careful  indue* 
tion,  determine  the  nature  of  those  changes,  which, 
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as  regards  a  single  nebula,  the  human  mind  might 
otherwise  be  unable  to  ascertain.*  Thus  Herschel 
has  traced  from  nebular  masses  of  absolute  vagne- 
iiesE,  to  others  which  present  form  and  structure^ 
the  effects  of  the  mysterious  law  which  governs  the 
stupendous  stellular  phenomena  that  are  coDstaj]tl<f. 
taking  place. 

21.  DiFFEHENT  STATES  OF  NEBULJ). — Some  of 


the  nebulfe  appear  as  mere  clouds  of  attenuated 
light — others  as  if  curdling  into  separate  n 


■  Sir  John  Hemchel  eUtes,  thai  die  only  change  in  ■  nebula 
wUcli  he  lias  yet  obseTved,  is  in  that  of  Orion.  A  snull  tnns- 
verae  atrip,  which  when  he  first  figured  that  nebula  w«»  straight, 
had  become  curved,  and  showed  a  inoHj  appenranee,  which  it 
did  not  before  poaaesi. — Athtnaum,  Na.  S6S,  p.  S9S: 


■different  8' 


^^^^■f-  seem  assuming  a  spheroidal  Sgure. 
^^^H|ld]i  present  B  dense  eentrai  nucleus  of 
^^^^winded  by  a  luminous  halo ;  and  a  series 
i  be  traced,  from  clusters  of  round  bodie* 
1  one  or  more  increased  points  of  condensation, 
t  central  iJlumination,  to  separate  nebiilte  vith 
^  Dulcei,  and  with  rings,  to  a  central  disk  con- 
iting  a  nebular  star — and  finally  to  an  orb  of 
It  vitli  a  halo  Jil^e  the  sun  1 
n  tlie  comets,  those  nebular  bodies  which  belong 
DDT  Dtra  and  other  systems,  we  have  evidence 
D  in  the  most  diffused  state  of  the  luminous 
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interesting  proof  is  aiforded  by  Enclte's  comet,  1 
mere  wisp  of  vapour,  which  in  a  period  but  I 
cxceediug  three  years,  revolves  around  the  centr 
luminary  of  our  system. 

This  beautiful  theory  of  Herechel,  and  La  Place> 
explains  by  an  easy  and  evident  process  the  forma- 
tion of  planets  and  satellites,  and  accounts  for  the 
uniform  direction  of  their  revolutions.  And  not 
only  is  it  believed  that  such  is  the  law  whicli 
the  Creator  has  established  for  the  mainteoance 
and  government  of  the  universe,  but  it  is  satis- 
factorily shown,  upon  mechanical  principles,  that 
such  nebulee  mutl  of  nece»sily  produce  planetary 
bodies. 

22.  Formation  of  the  solar  system. — In 
our  own  system,  the  sun  is  a  planetary  orb  with 
a  luminous  atmosphere,  the  central  nucleus  of  a 
once  extensive  nebulosity.  During  the  coinden- 
satiou  of  this  nebula  the  planet3"were  suncesHvely 
thrown  otT;  the  most  distant,  as  Herschel,  being  the 
first  or  most  ancient,  followed  by  Saturn,  Jupiter, 
the  four  asteroids,  Mars,  the  Earth,  Venus,  and 
Mercury  ]  the  satellites,  as  distinct  worlds,  being 
the  most  recent  of  the  whole,  It  is  .inferred,  that 
in  any  given  state  of  the  rotating  solar  mass,  the 
outer  portion  or  ring  might  have  its  centrifugal 
force  exactly  balanced  by  gravity;  but  increased 
rotation  would  throw  off  that  ring,  which  might 
sometimes  retain  its  figure,  of  which  we  have  a 
beautiful  example  in  Saturn,    This  result,  however, 


esse ;  bencc  the  ring  would  most  generally  divide 
into  several  portions,  which  might  sometimes  be  of 
nearly  equal  bulk,  as  in  the  asleroids;  while  in 
utbers  they  might  coaieace  into  one  mass.  The 
lolar  nebulie,  thus  separated  at  various  periods,  and 
constituting  planets  in  a  gaseous  state,  wDuld  neces- 
sarily have  a  rotatory  motion,  and  revolve  in  varying 
orbits  around  the  central  nucleus ;  and  as  refrige- 
ration and  consolidation  proceeded,  each  might 
prtyect  entire  annuli  or  rings,  and  satellites,  in  like 
manner  as  the  sun  had  thrown  off  the  planets  them- 
selves. 

In  addition  to  the  appearances  presented  by  the 
nebulfiB   of  various  states   of  attenuation   and  of 
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solidity,  we  have  in  the  orbs  of  our  own  syste 
evidence  of  corresponding  gradations  of  densitn 
The  planets  near  to  the  sun  are  denser  than  thoi ' 
which  are  more  distant;  thus  Mercury,  which  is  thtffl 
nearest,  is  the  heaviest,  being  almost  thrice  as  dense 
as  the  earth ;  while  the  density  of  Jupiter,  which  is 
far  removed,  is  not  more  than  one-third  that  of  our 
planeti  and  Saturn,  which,  with  the  exception  of 
Herschel,  is  the  remotest,  is  but  little  more  than 
one-eighth  as  dense  ;  and  is  supposed  to  be  as  light 
as  cork.* 

But  I  must  not  pursue  this  sublime  subject  far- 
ther; those  who  feel  desirous  of  more  ample  in- 
formation may  consult  a  popular  abstract  of  the 
discoveries  of  modern  astronomy,  recently  published, 
under  the  title  of  "Views  of  the  Architecture  of  the 
Heavens."  f 

You  will  at  once  perceive  that  this  theory  cad  fi 
no  wise  affect  the  inference  that  the  universe  is  thi 
work  of  an  all-wise  and  omnipotent  Creator, 
it  be  assumed  that  the  point  to  which  this  hypothee 
guides  us,  is  the  ultimate  boundary  of  physicri^M 
science — that  the  Dearest  glimpse  we  can  attain  of 
the  material  universe,  displays  it  to  us  as  occupied 
by  a  boundless  abyss  of  attenuated  matter  ;  stilt  tr« 
are  left  to  inquire  how  space  became  thus  occupied 
—whence  originated  matter  thus  luminous  ?     AnA  M 

*  IptroducLioD  to  Asttononiy,  by  Sir  J.  F.  W,  Hersoliel. 
-    +  By  Dr.  Nichol,  ProlEeBor  of  Practical  AstronDniy  in  thfl 
Vnlveiiltj  of  GTisgov. 
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jfwe  are  able  to  establish  by  physical  proofs,  that 
,tbe  first  fact  which  tiie  human  minil  can  trace  in  ths 
history  of  the  heaveus  is,  that  '  t/iere  wag  light,  we 
We  irresistibly  led  to  the  cauclusion,  that  ere  this 
coald  take  place,  '  God  said,  Let  tiiere  be  liglu.'  "  * 
This  theory  of  the  condensation  of  nebular  matter 
into  suns  and  worlds,  niarvelluus  as  it  may  appear, 
irill  be  found  on  due  reflection  to  otfer  the  only 
ntional  explanation  of  the  phenomena  observable 
ia  tlie  sidereal  heavens,  and  in  our  own  globe  j  and 
its  beautiful  simplicity  is  in  correspondence  with  the 
Duity  of  design  so  manifest  throughout  the  worlts  of 
the  Eternal. 

23.  Gaseous  state  of  the  earth. — Xhough 
an  unscientilic  inquirer  may  find  it  difflcult  to  com- 
prehend that  our  planet  once  existed  in  a  gaaeoua 
Blste,  this  difficulty  will  vanish  upon  considering  the 
nature  of  the  ciiauges  that  all  tlie  materials  of 
which  the  earth  is  composed  must  constantly  un- 
dergo. Water  offers  a  familiar  example  of  a  sub- 
Stance  existing  on  the  surface  of  the  globe,  in  the 
separate  states  of  rock,  fluid,  and  vapour;  for 
nater  consolidated  into  ice  is  as  much  a  rock  as. 
granite  or  the  adamant,  and,  as  we  shall  hereafter 
itave  occasion  to  remark,  has  the  power  of  pre^ 
serving  for  an  indefinite  period  the  animals  and 
vegetables  that  may  be  therein  imbedded.  Yet, 
upon  an  increase  of  temperature,  the  glaciers  of 

•  ProfsMor 'Whewall, 
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the  Alpsy  and  the  icy  pinnacles  of  the  Arctic  dN 
desy  disappear;  and,  by  a  degree  of  heat  stiB 
higher,  would  be  resolved  into  vapour;  and  by  othtt 
agencies  might  be  separated  into  two  invisibie 
gases— oxygen  and  hydrogen.  Metals  may  in  like 
manner  be  converted  into  gases ;  and  in  the  labo- 
ratory of  the  chemist,  all  kinds  of  matter  easily  paid 
through  every  grade  of  transmutation,  from  the 
most  dense  and  compact  to  an  aeriform  state.  Yfi 
cannot,  therefore,  refuse  our  assent  to  the  condii- 
sion,  that  the  entire  mass  of  our  globe  might  be 
resolved  iiU;o  a  permanently  gaseous  form,  merdj 
by  the  dissolution  of  the  existing  combinations  of 
matter,  , 

24?.  Geology  illustrated  by  astronomt.— ^ 
From  the  light  thus  shed  by  modern  Astronomy 
upon  many  of  the  dark  and  mysterious  pages  of  the 
earth's  physical  history,  we  learn  that  the  dynamical 
changes  which  have  taken  place  in  our  globe — all 
the  wonderful  transmutations  of  its  crust  revealed 
to  us  by  geological  investigations — may  be  referable 
to  the  operation  of  the  one,  simple,  and  universal 
law,  by  which  the  condensation  of  nebular  masses 
into  worlds,  through  periods  of  time  so  immense  as 
to  be  beyond  the  power  of  human  comprehension, 
is  governed. 

The  internal  heat  of  the  globe — the  evidence 
afforded  by  fossil  organic  remains  of  a  higher  and 
more  equally  diffused  temperature  of  the  surface  in 
an  earlier  state  of  the  earth — and  the  elevations 
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tmd  didbeations  of  its  crust  which  have  taken  place, 
EUid  are  still  going  on — all  refer  to  such  an  origin, 
ind  to  such  a  constitution  of  our  planet,  as  that 
Bontemplated  by  the  nebular  theory.  The  elevatory 
process  is  not  peculiar  to  the  earth;  for,  as  we  have 
elsewhere  remarked,  Venus,  Mercury,  the  Moon, 
md  perhaps  the  Sun  itself,  exhibit  eridence  of  a 
limilar  action.*  In  a  philosophical  point  of  yiew, 
the  present  physical  epoch  of  the  earth  '<  is  that  of 
the  fluidity  of  water,  which  is  the  nebulous  bed  or 
itratom  last  condensed,  and  which  exerts  mecha- 
Dleal  and  chemical  action  upon  the  preyiously  con* 
lolidated  materiab."  f 

25.  Meteorites. — Intimately  connected  with 
this  division  of  our  subject,  is  the  remarkable  fact 
of  the  fall  of  foreign  bodies,  called  meteorites,  or 
meteoric  stones,  on  our  earth.  The  specimen  befoiie 
me,  for  which  I  am  indebted  to  my  kind  and  distin** 
goished  friend,  Professor  Silliman,  of  Yale  College, 
Newhaven,  Connecticut,  b  a  fragment  of  the  mass 
which  fell  at  Nanjenoy,  in  Maryland,  in  North 
America,  a  few  years  since.  The  following  descrip- 
tion by  Bn  eye-witness  of  its  descent,  will  serve  to 
lUastrate  the  ordinary  phenomena  which  attend  the 
appearance  of  these  mysterious  visitors.]; 

**  On  the  10th  of  February,  between  the  hours  of 


•  This  subject  is  treated  at  large  in  Mr.  De  la  Beche's 
"  Retcarohet  in  Theoretical  Oeology." 
t  Dx.  NicboL 
t  American  Journal  of  Science. 
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twelve  nnd  one  n'clockt  ]  heard  nn  cxplot 
supposed  of  a  cannon,  but  ioaicwiiat  H]iarp« 
mediately  advanced  witii  a  quick  step  abou 
paces,  wjieii  my  attention  was  urrratud  by  a 
noise,  as  if  something  was  vusliing  over  a 
and  in  a  few  seconds  1  ticard  something  fa 
tini«  which  elapsed  from  my  first  hearing  It 
to  the  falling,  might  have  been  tiftiwn  seo 
then  went  with  some  of  my  servants  to  i 
where  it  had  fallen,  but  did  not  at  first  I 
however,  in  a  short  time  the  place  was  fi 
my  cook,  who  dug  down  to  the  stone,  w] 
discovered  about  two  feet  below  the  suriao« 
sensibly  warm,  ai)d  had  a  sulphurous  smell 
an  oblong  shape,  and  weighed  sixteen  poll 
seven  ounces.  It  has  a  hard  vitreous  sun 
have  conversed  with  many  persons,  living 
extent  of  perhaps  lifty  miles  square  :  som 
the  explosion,  wliile  others  noticed  only  th 
(juent  whizzing  noise  in  the  air ;  all  agree  il 
that  the  sound  appeared  directly  over  thei 
The  day  was  perfectly  fine  and  clear.  Th 
but  one  report  heard,  and  but  one  stone  fel 
knowledge  ;  there  was  uo  peculiar  smell  iu 
it  fell  within  2JiO  yards  of  my  house."* 

■  An  nnaljiia  of  this  tnitpDrits  gsve  tlir  fbllowing  ' 
Oiido  oflroQ  ....  2i. 

Nickel    .    .     .     1,25 

SlUna  with  cnrthy  mailer    n.40 
Sulphur,  B  (rnro.  — 


!ffi.  Mrs.  Somerville  ok  meteorites, — That 
mament  and  pride  of  lier  sen,  Mrs.  Somerville,  has 
&e  following  interesting  remarks  on  tliia  subject ; — 
e  die  objects  which  meet  our  view 
ia  the  heavens,  that  we  cannot  imagine  a  part  ol' 
ipice  where  some  liglit  would  not  strike  the  eye : 
infimnerable  stars — thousands  of  double  and  mul- 
tiple eyslems — clusters  in  one  blaze  with  their  ten 
ttouBaoda  of  stars — and  the  nebulte  amazing  us  by 
tlie  strangeness  of  their  forms ;  till  at  last,  from  the 
inperfection  of  our  senses,  even  tliese  thin  and  airy 
^lantoms  vanish  in  the  distance.     If  such  remote 
;  bodies  shone  by  reflected  light,  wo  should  be  un- 
'  BDnsdous  of  their  existence  ;  each  star  must  then 
'lea  tun,  and  may  be  presumed  to  have  its  system 
jtfplBBet^,  satellites,  and  comets,  like  our  own;  and 
'  kt  aught  we  know,  myriads  of  bodies  may  be  wau- 
,'ieriiig  in  space,  unseen  by  us,  of  whose  nature  we 
'Can  form  no  idea,  and  still  less  of  the  part  they 
^rform  in  the  economy  of  the  universe.      Nor  is 
6u»  ail  unwarranted  presumption  ;  many  sueh  do 
some  within  the  sphere  of  the  earth's  attraction, 
Are  ignited  by  the  velocity  with  which  they  pass 
through  the  atmosphere,  and  are  precipitated  with 
great  violence  to  the  earth.     The  fall  of  meteoric 
stones  is  much  more   frequent  than  is  generally 
believed  :    hardly  a  year  passes  without  some  in- 
•toncea  occurring ;  and  if  it  be  considered  that  only 
■  small  part  of  the  earth  is  inhabited,  it  may  be 
jkfiuuiued  that  numbers  fall  into  the  ocean,  or  on 
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the  uninhabited  paxts  of  the  land,  unseen  by  n 
They  are  sometimes  of  great  magnitude ;  tbe  voIm 
or  several  has  exceeded  that  of  the  planet  Cer^ 
which  h  about  seventy  miles  in  diameter, 
which  passed  within  twenty-five  miles  of  us  i 
estimated  to  weigh  about  six  hundred  thousand  ton 
and  to  move  with  a  velocity  of  about  twenty  n 
in  a  second — a  fragment  of  it  alone  reached  1 
earth.     The  obliquity  of  tbe  descent  of  meteoiit 
the  peculiar  substances  of  which  they  are  compoBil 
and  the  explosion  attending  their  fall,  show  t 
they  are  foreign  to  our  planet.     Luminous  t 
altogether  independent  of  the  phases,  have  bs| 
seen  on  the  dart  parts  of  the  moon ;  these  app< 
to  be  the  light  arising  from  the  eruptio. 
canoes ;  whence  it  has  been  supposed  that  meteoi^ 
have  been  projected  from  the  moon  by  the  impet 
of  volcanic  eruption.      If  a  stone  were  project^ 
from  the  moon  in  a  vertical  line  with 
velocity  of  10,992  feet  in  a  second — a  velocity  b 
four  times  that  of  a  ball  when  first  discharged  from 
a  cannon — instead  of  falling  back  to  the  moon  by 
the  attraction  of  gravity,  it  would  come  within  the 
sphere  of  the  earth's  attraction,  and  revolve  around 
it  like  a  satellite.     These  bodies,  impelled  either  by 
the  direction  of  the  primitive  impulse,  or  by  the 
disturbing  action  of  the  sun,  might  ultimately  pene- 
trate the  earth's  atmosphere  and  arrive  at  its  surtace- 
Dut  from  whatever  source    meteoric   stooes   may 
come,  it  is  highly  probable  that  they  have  a  common 
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origin,  from  the  unifonnity,  we  may  almost  say 
identity,  of  their  chemical  composition."  * 

87.  Origin  of  meteorites. — Von  Hoff,  in  an 
admirable  essay  on  the  origin  of  meteoric  stones,-f 
observes,  that  although  it  is  demonstrated  mathe- 
matically, that  aerolites  and  masses  of  native  iron 
which  fall  from  the  air,  may  be  derived  from  the 
moon,  yet  the  weight  of  evidence  is  in  favour  of 
their  being  nebulous  matter  suddenly  condensed, 
and  descending  to  this  planet's  surface  when  this 
mysterious  process  takes  place  within  the  sphere  of 
tiie  earth's  attraction.  These  masses  present  a 
general  correspondence  in  their  structure  and  ap- 
pearance, having  (with  the  exception  of  native  iron) 
a  crystalline  character  internally,  and  externally  a 
black  slaggy  crust,  as  in  this  specimen  from  Nan- 

jenoy. 

Assuming  then  that  our  planet,  when  first  called 
into  being  by  the  fiat  of  the  Creator,  was  a  gaseous 
mass  **  without  form  and  void,''  and  destined  through 
indefinite  ages  to  undergo  mutations  which  were 
designed  ultimately  to  prepare  it  for  the  abode  of 
the  human  race,  we  proceed  to  investigate  the 
causes  and  efiects  of  those  agencies  by  which  its 
surface  is  still  modified.  The  consideration  of  what 
Sir  John  Herschel  so  emphatically  terms  <<  that 
mystery  of  mysteries,"  the  successive  appearance  of 

♦  Connexion  of  the  Physical  Sciences,  p.  423.  4th  Edition, 
f  A  Translation  of  this  Memoir  appeared  in  Jameson's 
Edinlmrgh  New  Philosophical  Journal,  July  1837. 
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new  forms  of  organic  life  on  our  globe,  iriUbe 
reserved  for  the  concluding  lecture. 

28.   Existing  geological  cHANGEs.-*-ln  Hm 
division  of  the  subject,  it  will  be  mj  olgect  to 
explain  in  a  clear  and  familiar  manner  some  of  tkoie 
physical  changes  which,  unheeded  or  unapprecia^ 
are  taking  place  around  us ;  but  which  operating 
on  a  large  scale,  and  through  a  long  period  of  tine, 
are  capable  of  producing  eiSects  that  materially 
modify  the  earth's  surface,  and  give  rise  to  results 
which,  when  viewed  in  the  aggregate,  fill  the  unin- 
formed mind  with  astonishment,  and  cause  it  to 
call  up  imaginary  convulsions  and  catastrophes  tQ 
explain  the  result  of  some  of  the  most  simjde  ope* 
rations  of  nature.     As  the  mere  lines  that  compose 
the  alphabet  constitute,  when  placed  in  combination, 
the  mighty  engine  by  which  the  master  spirits  of 
our  race  enlighten  and  benefit  mankind ;  so  natural 
processes,  in  themselves  apparently  inadequate  to 
produce  any  important  effects,  become,  by  their  com- 
bined and  continued  operation,  an  irresistible  power, 
by  which  the  dry  land  is  converted  into  the  bed  of 
the  ocean,  and  the  bed  of  the  ocean  into  dry  land ; 
thus  fulfilling  that  universal  law  of  the  Creator, 
which  subjects  every  particle  of  matter  to  incessant 
change. 

Before  proceeding  farther  in  this  inquiry,  I  would 
notice  an  opinion,  so  generally  prevalent  that  it  may 
possibly  be  entertained  by  some  present,  namely, 
that  the  phenomena  which  will  come  under  out 
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conslderatioii,  hare  been  produced  bj  the  deluge 
recorded  in  Scripture.  But  -wliatever  may  have 
been  the  modifications  of  the  earth's  surface  pro^ 
doced  by  that  catastrophe,  they  must  on  the  present 
occasion  be  wholly  excluded  from  our  considera* 
tion,  for  the  changes  to  which  geological  inquiries 
relate  are  of  a  totally  different  character,  and  refer<» 
able  to  periods  long  antecedent  to  that  miraculous 
event. 

I  have  now  to  direct  your  attention  to  those 
natural  operations  which,  when  properly  investi* 
gated,  will  afford  an  easy  explanation  of  facts  of  the 
highest  interest  and  importance ;  will  teach  us  how 
this  limestone  has  been  formed  of  brittle  shells,  and 
this  marble  filled  with  the  coral  to  which  it  owes 
its  beautiful  markings — ^how  wood  has  been  changed 
into  stone,  and  -plants  and  fishes  have  become  in- 
dosed  in  the  solid  rock,  I  wish  to  explain  to  you  that 
the  ground  on  which  we  stand  was  not  always  dry 
land,  but  once  constituted  the  bed  of  the  sea — that 
the  hills,  now  so  smooth  and  rounded,  and  clothed 
with  beautiful  verdure,  have  been  formed  in  the 
profound  depths  of  the  ocean,  and  may  be  regarded 
98  vast  tumuli,  in  which  the  remains  of  beings  that 
lived  and  died  in  the  early  ages  of  the  globe  are  en- 
tombed } — and  that  the  weald  of  Kent  and  Sussex, 
that  rich  and  cultivated  district  which  fills  up  the 
area  between  the  chalk  hills  of  Sussex,  Surrey, 
Kent,  and  Hampshire,  was  once  the  delta  of  a  river, 
that  flowed  through  a  country  which  is  now  swept 
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from  tlie  face  of  the  earth — a  country  more 
vellous  than  any  that  even  romance  or  poetry 
ventured  to  portray. 

29,  Effects  of  streams  and  hivebs, — i 
pursuance  of  this  object  I  shall  first  take  into 
sideration  the  action  of  running  water— of  aires 
and  rivers.  I  need  not  dwell  on  those  mete( 
logical  causes  by  which  the  descent  of  moisture 
the  surface  of  the  earth  is  regulated ;  but  i 
content  myself  with  observing,  that  rivers  are 
great  natural  outlets  which  convey  the  superfli 
moisture  of  the  land  into  the  grand  reservoir,  tte 
ocean.  And  so  exactly  is  the  balance  of  expenditon 
and  supply  maintained,  that  all  tjie  rivers  on  the 
face  of  the  earth,  though  constantly  pouring  their 
mighty  floods  into  the  ocean,  do  not  affect  its  level 
in  the  slightest  perceptible  degree  ;  we  may  ther«» 
fore  assume  that  the  quantity  of  moisture  evaporal 
from  the  surface  of  the  aea,  is  exactly  equal  to 
sum  of  all  the  water,  in  all  the  rivers  in  the  world.' 
But  although  the  body  of  fresh-water  poured  by  the 
rivers  into  the  basin  of  the  ocean  is  again  displaced 
by  evaporation,  yet  there  is  an  operation  silently 
and  constantly  going  on,  which  becomes  an  agent  of 
perpetual  change.  The  rivulets  which  issue  from 
the  mountains  are  more  or  less  charged  with  earthy 
particles,  warn  from  the  rocks  and  strata  over  which 
they  flow:  their  united  streams  in  their  progress 
towards  the  rivers  become  more  and  more  loaded 
with   adventitious   matter ;    and  as  the   power  of 
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ftbrauon  becomes  greater,  by  the  increase  in  the 
quantity  and  density  of  the  mass  of  water,  a  large 
proportion  of  materials  is  mechanically  or  chemi- 
caDy  suspended  in  the  fluid,  and  carried  into  the 
sea.  If  the  current  be  feeble,  much  of  the  mud, 
and  the  larger  pebbles,  will  be  thrown  down  in  the 
bed  of  the  river — Whence  the  formation  of  the  alluvial 
plains  in  the  valleys  of  the  Arun,  the  Adur,  the 
Ouse,  and  Cuckmere,  in  this  county.*  But  the 
greater  portion  will  be  transported  to  the  mouths 
of  the  rivers,  and  there  form  those  accumulations 
of  the  fluviatile  spoils  of  the  land  which  constitute 
deltas;  the  finest  particles,  however,  will  be  carried 
far  into  the  sea,  and,  transported  by  currents  and 
agitated  by  the  waves,  will  at  length  be  precipitated 
into  the  profound  and  tranquil  depths  of  the  ocean. 
Bat  the  waters  convey  not  only  the  mud  and  water- 
worn  materials  of  the  country  over  which  they 
flow:  leaves,  branches  of  trees,  and  other  vegetable 
matter— and  the  remains  of  the  animals  that  fall 
into  the  streams,  with  shells  and  other  exuviae, 
human  remains,  and  works  of  art,  are  also  con- 
stantly transported  and  imbedded  in  the  mud,  silt, 
and  sand  of  the  delta,  some  of  these  remains  being 
ocoasionally  drifted  out  to  sea,  and  deposited  in 
its  bed. 

SO.  Deltas  of  the  Ganges,  and  Mississippi. 
•r^The  changes  here  contemplated,  as  they  are  going 

*  Sussex. 
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iin  iti  our  own  island,  ma;  appear  insigailicant,  aa^^J 
incapable  of  producing  any  material  effect  o 
earth's   surface ;    but  if  we  trace  the    results  i 
couritriea  where  these  agents  are  now  operating  0 
a  larger  scale,  we  shall  at  once  perceive  their  ii 
portatice,  and  that  time  only  is  wanting,  to  forq 
accumulations  of  strat8,,  equal  in  extent,  and  )' 
the  same   cliaracter  with  many  of  those  ancid 
deposits,  which  wilt  hereafter  come  under  our  c 
servatioa. 

From  experiments  made  with  great  care,  : 
been  ascertained  that  the  quantity  of  solid  r 
brought  down  by  the  Ganges  and  carried  into  t 
sea  annually,  is  equal  to  6,368,077,440  t 
other  words,  to  a  mass  of  solid  materials,  equal  t 
size  and  weight  to  sixty  times  that  ( 
pyramid  of  Egypt;  the  base  of  that  stupendous" 
structure  covering  eleven  acres,  and  its  perpendiculu 
height  being  ^00  feet.*  The  Burrampooter,  another 
river  in  India,  conveys  annually  as  much  earthy 
matter  into  the  sea  as  the  Ganges.  The  waters  of 
the  Indus,  as  the  celebrated  traveller.  Captain  Bums, 
informed  me,  are  alike  loaded  with  earthy  materials. 

In  the  mighty  rivers  of  America,  the  same  effects 
are  observable ;  the  quantities  of  trees  brought  down 
by  the  Mississippi  and  imbedded  in  its  deposits  are 
almost  incredible,  and  the  basin  of  the  sea  around 
the  embouchure  of  that  river,  is  becoming  shallower 

•  Ljell'i  Principles  of  Geologj. 
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I  (very  day,  by  the  sole  agency  of  the  operations  now 
I  Onder  consideration.  In  the  sediments  of  these 
I  tiTers,  the  animals  as  well  as  the  plants  of  the  re- 
I  ipective  countries  are  continually  enveloped.  It  is 
I  therefore  evident,  that  should  these  deltas  become 
I  dry  land,  the  naturalist  could,  by  an  examination  of 
(the  animal  and  vegetable  remains  imbedded  in  the 
ifluviatile  sediments,  readily  determine  the  characters 
,of  the  fauna  and  flora  of  the  countries  through 
'which  the  rivers  had  tlowed.  We  may  here  observe, 
;tliat  in  tropical  regions,  where  animal  life  is  pro- 
■fiuelf  developed,  and  but  little  under  the  control  of 
tSian,  the  animal  remains  buried  in  deltas,  are  far 
imore  abundant  than  in  those  of  European  countries, 
•Thicb  are  thickly  peopled,  and  in  a  high  state  of 
dvilizatiou,  Tiie  enterprising,  but  unfortunate 
iLander  informed  me,  Just  before  he  embarked  on 
'JuB  last  fatal  expedition  to  Africa,  that  many  parts 
'of  the  Quorra,  or  Niger,  so  far  as  the  eye  could 
(feach,  teemed  with  crocodiles  and  hippopotami ;  and 
iM  great  was  their  number,  that  he  was  oftentimes 
-obliged  to  drag  his  boat  on  shore  lest  it  should  be 
'•wamped  by  these  animals.  But  it  is  unnecessary 
ifoT  me  to  dwell  longer  on  the^e  operations ;  it  will 
Suffice  to  have  shown,  that  by  the  simple  effect  of 
Hfunning  water,  great  destruction  and  modification 
\9f  the  surface  of  the  land  are  everywhere  taking 
jnlace ;  and  at  the  same  time,  fiuviatile  deposits 
i«re  forming  on  aa  extensive  scale,  and  enveloping 
Ltfi"»aj  and  vegetable  remains.    Thus,  in  the  deltas         fl 
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of  the  rivers  of  this  country,  we  find  the  bones  ftnd 
antlers  of  the  deer,  horse,  and  other  domesticated 
animals,  with  the  trunks  and  branches  of  trees  and 
plants  of  our  island,  river  and  land  shells,  humap 
bones,  fragments  of  pottery  and  other  works  of 
art :  while  in  those  of  the  Ganges  and  the  Nile,  the 
remains  of  the  animals  and  vegetables  of  India  and 
of  Egypt  are  resp^ictively  entombed. 

31.  Formation  of  strata. -^  There  is  one 
circumstance  connected  with  these  facts  which  it 
will  be  necessary  here  to  consider.  The  quantity 
of  water  in  streams  and  rivers  varies  considerably 
at  different  periods  of  the  year ;  in  the  rainy  season 
the  rivers  are  overflowing,  and  the  waters  remark- 
ably turbid :  the  depositions,  therefore,  must  be 
much  greater  at  those  periods  than  in  the  summer 
months,  when  the  streams  are  feeble,  and  the  rivers 
shallow.  In  that  part  of  the  river  affected  by  the 
tides,  there  is  also  a  constant  flux  and  reflux  of  the 
waters,  and  from  these  causes  the  depositions  must, 
to  a  certain  degree,  be  periodical.  Accordingly  we 
find  them  disposed  in  strata  or  layers,  from  the 
partial  consolidation  of  the  surface  of  one  bed  of 
mud,  before  the  superincumbent  layer  was  pre- 
cipitated upon  it.  Thus  wherever  a  fresh  break 
takes  place  in  a  bank  of  consolidated  mud,  in  the 
delta  of  the  Nile,  it  is  easy  to  trace  the  deposits  of 
each  successive  year,  by  means  of  the  lighter  earth 
on  the  top  of  each.  When  a  portion  is  taken  into 
the  hand,  it  separates  into  layers ;   and  on  closely 


tBminiog  the  edges  of  these,  very  dclicitte  thin 
we purceptible,  showing  a  laminated  structure, 
observable  in  the  coal-shales.  Judging 
t  layers,  the  annual  dcpositH  a|)]jear  to 
lidembly,  but  the  average  thickness  is  little 
tHan  a  quarter  of  an  inch.* 
Where  a  river  termiiiiites  in  an  exteoaivo  estuary, 
liieiea  thrown  over  the  layer  of  inud  brought  down 
bf  the  river,  a  covering  of  sand:  and  ri'equently 
Ikew  alternate  with  the  greateat  regularity,  the  re- 
Hdlng  of  the  tide  allowing  the  frcKli  water  to  degionit 
luid  the  Hdvance  of  the  sea  discliarging  sand 

fiiB  over  the  surface. 
Tippled  hand, — And  here  we  may  notice 
phenomenon.  Kvery  one  must  have  ob- 
Hrved.wheii  walking  by  the,  banks  of  a  river  at  low 
nier,  or  on  tlie  sands  of  the  sea-ihore,  that  when 
tile  water  has  been  agitated  by  the  wind,  the  surface 
of  the  mud,  or  sand,  is  undulated,  or  furrowed  over 
by  the  rippling  of  the  waves,  the  marks  presenting 
irioUH  appearances,  according  to  the  force  and  di- 
rection of  the  currents.  Frequently  too,  the  vermes 
ud  nidi  I  use  o  us  animals  mark  the  surface  with 
meandering  lines,  and  ri<lges ;  and  these  varied 
markings  on  the  sand  are  preserved,  if  a  thin 
lijer  of  mud  happen  to  be  deposited  over  them 
btfore  the  next  advance  of  the  waves.     I  shall  have 

Llller  to  Proft««or  SilUman  from  on  Amerloan  ivlio  vieilcd 
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occasion  to  refer  to  these  appearances  hereaCtt 
We  muat  also  remark  that  there  are  certain  kiM 
of  molluaca,  or  shell,  fiali,  that  can  only  live  h 
water;  others  that  are  confined  to  the  sea;  while^ 
third  class  is  restricted  to  the  brackish  waters  4 
eatuariea.  Accordingly,  in  the  deposits  under  c 
sideratiou,  the  river  and  estuary  species  are  abundai 
while  the  marine  dniy  occur  as  stragglers,  and  a 
comparatively  rare.  Land  plants,  and  those  whiin 
aiFect  a  marshy  soil,  as  the  cquiseta,  or  niai 
reeds,  rushes,  &c.  are  likewise  often  accumulated  h 
such  quantities  as  to  form  beds  of  peat. 

33.  Lewes  Levels. — It  will  serve  to  impress  tl 
subject  more  forcibly  upon  our  minds,  if  we  refer  to 
some  local  example  of  fluviatile  deposits :  and  from 
its  immediate  vicinity  to  Brighton,  I  select  the 
valley  of  the  Ouse,  between  Newhaven  and  hewu, 
which  is  one  of  several  estuaries  from  whence  the 
sea  has  retired  within  the  lost  eight  or  ten  centuries 
This  valley  is  bounded  by  an  amphitheatre  of  chslk 
hills,  into  which  the  river  enters  through  a  goi^e  of 
the  Downs  on  the  north,  and  pursuing  a  tortuous 
course,  discharges  its  waters  at  Newhaven.  This 
alluvial  plain  is  called  Lewes  Levels,  and  is  here 
and  there  flanked  by  headlands,  and  ancient  clifi^; 
while  a  few  insular  mounds  of  chalk  rise  up  through 
the  fluviatile  depositions,  which  have  been  accumu* 
lating  during  a  long  period  of  time.  The  following 
diagram  represents  a  section  of  the  valley  of  the 
Ouse,  from  east  to  west. 


LEWES  LEVELS. 


Sen  we  have  a  depression  (or  basin,  as  it  is 
I  Ittined  by  geologists)  of  tlie  chalk,  partially  filled 


up  by  layers  of  indurated  mud  or  silt,  the  surface 
of  which  is  clothed  with  verdure  i  the  bed  of  the 
fWBT  (i.)  is  situated  near  the  eastern  chalk  cliffs. 
The  deposits  which  repose  on  the  chalk  are  as 
MIow  !— 

1.  A  hed  of  peat  about  five  feet  in  thickness : 
fbnned  of  decayed  tivigs  and  leaves  of  the  hazel, 
oak,  birch,  &c,  inclosing  trunks  of  large  trees. 

2.  (a.  a.) — Blue  clay,  or  indurated  mud,  con- 
taining several  species  of  fresh-water  shells,  like 
those  which  now  inhabit   the  river  and  ditches  ; 

indvaim,    or   cases    of    the   larvce 


*  A  gtehgicat  lecHon  rppresenis  the  internal  stiucture  uf  llie 
tulh  Da  inj  givea  line,  in  a  vertical  direction ;  and  is  eilher 
{IJ  aaba-al,  as  seen  in  cliSk,  precipices,  &c. ;  (2)  arlifcial,  u  in 
furriei,  lunneU,  and  otbec  excavations ;  or  (3)  idsal,  whea 
(Onitruclei!  (rom  combmationB  of  obaervatioiiB  on  tlie  poiitioii 
vliltlliin  varioui  local itiea. 
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of  phryganea,  or  caddis-worms.  Bones  of  the 
horse,  and  deer,  also  occur  in  the  lower  put  ft 
this  bed. 

3.  (b.  b.) — Clay,  containing  fresh-water  shdls^ 
with  an  intermixture  of  existing  marine  species,  tf 
the  common  cockle,  (cardium  edule,)  tellina,  &e. 

4.  (c.  c.) — Blue  clay,  inclosing  marine  shells, 'vh. 
cockles,  muscles,  &c.  without  any  intermixture  of 
fluviatile  species.  In  this  bed  a  skull  of  the  narwal, 
or  sea-unicorn  (Monodon  monocerosi)  and  of  the 
porpoise  have  been  discovered. 

From  the  nature  of  these  deposits  we  learn  that 
this  valley  was  once  an  arm  of  the  sea,  and  that  the 
sequence  of  the  physical  changes  which  took  place 
was  as  follows  : — 

First,  There  was  a  salt-water  estuary,  inhabited 
by  marine  shell-fish  of  the  same  species  as  those 
now  existing  in  the  British  Channel ;  and  into  which 
cetacea  occasionally  entered. 

Secondly^  The  inlet  grew  shallow,  the  water 
brackish,  and  marine  and  fresh-water  shells  were 
mingled  in  its  blue  argillaceous  sediment. 

Thirdly^  The  shoaling  continued  until  fresh- 
water so  much  predominated,  that  fluviatile  shells, 
and  aquatic  insects,  could  alone  exist. 

Fourthly^  A  peaty  swamp,  or  morass  was  formed, 
by  the  drifting  of  trees,  and  plants,  from  the  forest 
of  Andreadswald,  which  formerly  occupied  the  weald 
of  Sussex ;  and  terrestrial  quadrupeds  were  occa- 
sionally imbedded. 


i<ally.  The  eoil  being  inundated  by  land  floods 
II  diilaDt  iDterraU  only,  became  a.  verdant  marshy 

S*.  Remains  or  man  in  modern  ailuvium. 
'fiut  the  sediments  in  the  river  valleys  of  the 
South  Downs  often  contain  not  only  the  bones  of 
tlie  deer,  horse,  boar,  and  other  terrestrial  animals 
but  also  Imnian  skeletons,  which  are  sometimes 
found  inclosed  in  coigns  of  exceedingly  rude  work- 
BDShip  i  together  with  canoes, f  and  other  relicB 

•  Geoiogr  of  ths  Soulh-easL  of  England,  p.  10. 

f  Ancifnt  British  Catiae.     Id  IS35  n  canoe  wag  discovered  «t 

■lie  depth  of  Bfveril  feet  in  a  bed  of  silt,  occupying  an  aaeient 

branch  of  Ihe  river  Atnn,  at  North  Stoke,  near  Arundel.     It 

prnented,  by  my  nohle  friend  the  late  Earl  of  Egremont, 

ts  ItiB  BittiRh  Museum  ;  and  is  placed  on  the  rig:ht  hand  of  the 

e  of  the  court.     Thia  cauoe  is  neatl;  thirty-five  feet  in 

Ingtbilbnr  and  alialf  wide  in  the  ccutre,  three  feet  thiee  inchea 

hnwd  at  one  extremity,  and  tna  feet  ten  inches  at  the  other ;  and 

i>  about  two  feet  deep.   Itisformedof  the  single  trunk  of  an  oak, 

■luch  haa  been  hollowed  out  and  brought  to  its  present  shape 

■ith  great  labour ;  it  is  evidently  the  workmanthip  of  a  vei; 

nmole  period,  and  in  all  probability  was  constructed  by  some  of 

ittt  eailicit  inhabitants  of  our  island,  hefare  the  use  of  iron  or 

even  braaa  was  known ;  the  original  tree  must  have  been  Hneen 

nr  (iiteen  feel  in  circumference.    Tbree  projectioni,  left  in  the 

interior  of  the  boat,  appenr  to  have  been  designed  for  seats  ;  it 

i»  manifest  therefore  that  the  persons  who  constmeted  this  vessel 

mat  unuquainted  with  Ihe  urt  of  forming  boards.    This  cance 

if  so  similar  to  some  of  those  which  were  fabricated  by  tie 

aboripnei  of  North  America,  when  first  visited  hy  Europeans, 

ihst  we  eriD  have  no  hesitation  in  concluding  that  it  was  cod- 

<tlnctedin  a  similar  manner ;  namely,  by  charring  such  portions 

of  the  tree  as  were  to  be  removed,  uid  acoDping  them  oat  with 
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of  the  early^  iohabitants  of  our  bland.  This  hai 
skull,  for  ivliich  I  am  indebted  to  Warren  Lee, 
of  Lewes,  was  dug  up  at  a  great  depth 
silt  of  Seeding  Levels ;  it  was  inclosed,  togi 
with  the  other  bones  of  the  skeleton,  in  a  coffii 
oak,  which  was  evidently  of  high  antiquity,  being 
formed  of  four  rude  planks,  or  rather  squared  trunks 
of  trees,  held  together  by  oaken  pegs.  The  skull 
is  of  a  dark  bluish-brown  colour,  like  the  bones  of 
the  deer  and  horse  of  similar  deposits  ;  an  appear- 
ance attributable  to  an  impregnation  of  iron  ;  when 
first  dug  up,  blue  phosphate  of  iron  filled  up  the 
interstices  of  the  bones.  The  state  of  the  teeth  is 
remarkable;  they  are  worn  down  almost  smooth, 
although  the  individual  must  have  been  in  the  prime 
of  life  ;  a  fact  which  seems  to  indicate  that  grdn, 
or  some  other  hard  substance,  constituted  a  large 
proportion  of  his  customary  food. 

35.  Peat  bogs.— Uefore  proceeding  to  the  next 
subject,  I  will  advert  to  those  estensive  accumula- 
tions of  vegetable  matter  called  Peat  Bogs.  These 
are  morasses,  covered  with  successive  layers  or  beds 
of  mosses,  reeds,  equiseta,  rushes,  and  other  planta 
that  affect  a  marshy  soil ;  and  in  partictdar  of  a  kind 
of  moss,  the  spliagnum  palusire,  which  frequently 
constitutes  a  large  proportion  of  the  entire  mass, 

stone  inBtrumenCe  ;  no  doubt  this  canoe  belongs  to  the  s&me 
period  as  tbe  ftint  and  stone  inBlrumenta  called  cehi,  which  W* 
found  in  the  tumuli  on  the  South  Donna  ;  it  is  bow  id  the  8tat« 


l[he  beds  of  peat  are  annually  augmented  b;  the 
peculiar  mode  of  increase  of  the  peat-moss,  which 
4hrowa  up  a  Bucceasion  of  shoots  to  the  surface, 
nrbile  the  parent  plants  det^ay,  and  form  a  new  layer 
^f  the  soil. 

^.  The  peat  bogs  of  Ireland  are  of  great  extent : 
0iie  of  the  mosses  on  the  banks  of  the  Shannon  h 
two  or  three  miles  in  breadth,  and  fifty  in  length. 
idr,  Lyell  remarks,  that  the  peat-mosses  of  the 
North  of  Europe  occupy  the  areas  of  the  ancient 
faieats  of  oak  and  pine ;  and  that  the  fall  of  trees 
']|htm  the  effect  of  storms,  or  natural  decay,  by  ob- 
ftructing  the  draining  of  a  district,  and  thus  giving 
riee  to  a  marsh,  is  the  origin  of  most  of  the  peat 
jttogs;  mjosses,  and  other  marsh  plants,  spring  up, 
ipd  soon  overwhelm  and  bury  the  prostrate  forests; 
lience  the  occurrence  of  trunks  and  branches  of  enor- 
mous oaks,  firs,  &g.  with  their  fruits. 

De  Luc  states,  that  the  sites  of  many  of  the  ab- 
origiQal  forests  on  the  continent  are  now  covered  by 
inosaes  and  fens,  and  that  many  of  these  changes 
tie  attributable  to  the  destruction  of  the  forests  by 
the  Romans.  A  remarkable  fact  relating  to  peat 
bogs  must  not  be  oniitted ;  namely,  the  occasianal 
occurrence  of  the  bodies  of  men  and  animals,  in  a 
high  state  of  preservation,  at  a  great  depth.  In 
some  instances  the  bodies  are  converted  into  a  fatty 
•nbstance,  resembling  spermaceti,  called  adipocire. 

36.    Conversion  of    peat    into    coal.* — A 
■  Dr.  Jackson  on  the  Geology  of  Maine. 
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fact  of  great  geological  interest  is  the  occorrenoe  at 
coal  in  peat  bogs,  since  it  proves  that  the  conver- 
sion' of  vegetable  matter  into  a  mineral,  the  oii^ 
of  which  was  formerly  deemed  questionable^  takeft 
place,  wherever  circumstances  are  favourable  for 
the  production  of  the  bituminous  fermentation.    Id 
Limerick,  in  the  district  of  Maine,  one  of  the  States 
of  North  America,  there  are  peat  hogs  of  consider- 
able extent,  in  which  a  substance  exactly  similar  to 
cannel  coal  is  found  at  the  depth  of  three  or  four 
feet  from  the  surface,  amidst  the  remains  of  rotten 
logs  of  wood,  and  beaver  sticks :  the  peat  is  twenty 
feet  thick,  and  rests  upon  white  sand.     This  coal 
was  discovered  on  digging  a  ditch  to  drain  a  por« 
tion  of  the  bog,  for  the  purpose  of  obtaining  peat 
for  manure.     The  substance  is  a  true  bituminous 
coal,  containing  more  bitumen  than  is  found  in  any 
other  variety.*     Polished  sections  of  the  compact 
niasses  exhibit  the  peculiar  structure  of  coniferous 
trees,  and  prove  that  the  coal  was  derived  from  a 
species  allied  to  the  American  fir.     It  has  probably 
been  formed  by  the  chemical  changes  supervening 
upon  fir-balsam,  during  its  long  immersion  in  the 

*  An  analysis  of  100  grains  gave  the  following  results : 

Bitiunen 72 

Carbon 21 

Oxide  of  iron    ....       4 

Silica 1 

Oxide  of  Manganese      .      2 

100 


iniDiJd  peat ;  the  circumstances  under  which  it  was 
placed  being  moat  favourable  Tor  that  proceBs  to  take 
place,  by  which,  as  we  stiall  show  hereafter  (see  Lec- 
ture VI.),  vegetable  matter  is  converted  into  coal. 

37.  SoBTERRANEA^j  FORESTS. — Independently 
of  the  trees  immersed  in  peat  bogs  and  moraaeea, 
there  are  also  found  entire  forests  buried  deeply  in  the 
soil;  the  trees  having  their  roots,  trunks,  branches, 
frnits,  and  even  leaves,  more  or  less  perfectly  pre- 
served. Several  accumulations  of  this  kind  have 
been  discovered  on  the  coast  of  Sussex,  occupying 
low  alluvial  plains,  that  are  still  subject  to  periodical 
iaundations.*  The  trees  are  chiefly  of  the  oak, 
luutel,  fir,  birch,  yew,  willow,  and  ash  ;  in  short, 
almost  every  kind  that  is  indigenous  to  this  island 
occasionally  occurs.  The  trunks,  branches,  &c.  are 
dyed  throughout  of  a  deep  ebony  colour  by  iron  ; 
and  the  wood  is  firm  and  heavy,  and  sometimes 
sufficiently  so\ind  for  domestic  use.  In  Yorkshire 
it  is  employed  in  the  construction  of  houses.  The 
specimens  which  I  now  place  before  you,  for  which 
I  em  indebted  to  Professor  Babbage,  exhibit  the 
usual  characters  of  such  remains  ;  they  are  portions 
of  large  trunks  of  yew,  oak,  and  flr,  from  a  peat 
bag  in  Ireland. 

38.  Geological  effects  of  the  sea.— 
While  the  mountains,  valleys,  and  plains  of  the 
Ulterior  of  a  country,  are  undergoing  slow  but  per- 
petual change  by  the  combined  effects  of  atmospheric 

See  niiutratioDB  of  the  Geology  of  Sualex,  p.  2BB. 
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agency,  and  of  running  water,  the  coasts,  Etnd  shortf^l 
are  expoEietl  to  deatiuction  from  the  action  of  the 
waves,  and  the  encroachments  of  the  sea.  When 
the  land  presents  a.  high  and  rocky  coast,  the  waves, 
by  their  incessant  action,  undermine  the  cliffs,  which 
at  length  foil  down,  and  cover  the  shore  with  their 
ruins.  The  softer  parts  of  the  strata,  as  the  chalk, 
marl,  clay,  &c.  are  rapidly  disintegrated  and  washed 
away ;  while  the  more  solid  materials  are  broken, 
and  rounded,  by  the  continual  agitation  of  the  water, 
and  give  rise  to  those  accumulations  of  beach  and 
sand  which  skirt  our  sea-cliff's,  and  serve,  in  soma 
situations,  to  protect  the  land  from  further  en- 
croacbments.  But  when  the  cliffs  are  entirely  com- 
posed of  soft  substances,  their  destruction  is  veij 
rapid,  unless  artificial  means  be  employed  for  their 
protection ;  which,  however,  in  many  instances  are 
wholly  ineflect  lal 

The  encroachments  of  the  ocean  upon  the  land 
effected  by  this  operation  often  give  rise  to  suddep 
and  extensive  inundations  and  the  destruction  of 
whole  tracts  of  countrj  \long  the  Sussex  coast  the 
inroods  of  the  sea  ha\c  been  noticed  in  the  earliest 
historical  records  and  the  site  of  the  ancient  town 
of  Brighton  lias  been  entirtjj  swept  away,  the  sands, 
and  the  wave,  now  occupjing  the  spot  where  the 
first  settlers  on  these  shores  fixed  their  habitations,* 
On  low  and  sandy  coasts,  tlie  waves  drive  the  loose 
and  ligjiter  materials  towards  the  land ;  and  the 
■  Sn  Geology  of  ihe  Soiilh-Eut  of  EngUiid,  p.  23. 


drifted  sand,  becoming  dry  at  the  reflus  of  the  tidC) 
is  carried  by  the  wind  iulatid,  and  in  aome  situ- 
ations is  accumulated  in  such  quantities  as  to  form 
ranges  of  hiild,  which  in  their  progress  overwhelm 
fertile  tracts,  and  engulf  churches,  and  even  entire 
villages.  These  sajid  banks  or  downs,  loose  and 
fluctuating  as  they  are  in  their  first  stage  of  ad- 
vancement, become,  under  certain  circumstances, 
fixed,  and  converted  into  solid  stone — a  process  to 
which  we  shall  presently  advert. 

39.  Bed  of  the  ocean. — But  the  production 
of  beach,  gravel,  and  sand,  on  the  shores,  and  the 
drifting  of  sand  inland,  are  etfects  far  less  important 
than  those  which  are  goiog  on  in  the  profound 
depths  of  the  ocean.  In  the  tranquil  bed  of  the 
sea,  the  finer  materials,  held  in  mechanical  or  chemi- 
cal suspension  by  the  waters,  are  precipitated  and 
deposited,  enveloping  and  embedding  their  inha- 
bitants, together  with  the  remains  uf  such  animals 
and  vegetables  of  the  land  as  may  be  floated  down 
by  the  streams  and  rivers.  But,  in  the  beautiful 
language  of  Mrs.  Hemans, — 

■'  Tbe  depths  base  more !     WTiat  wealth  untold 

Far  doWD  and  sbiniog  Ihmugh  their  Blillnesa  Iieb  t 
They  have  the  atarrj  gems,  the  huming  gold, 
Won  &om  a  tbouHmd  rojal  argosies  I 

"  Yet  more— the  deptTia  have  mare  I     Their  warea  have  roU'd 
Above  Ihe  crties  of  a  world  gone  by — 
Sand  hath  tilled  up  the  palaces  of  old. 
Sea-weed  o'etgruwn  the  halls  of  revelry. 
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"  To  tliem  the  lo*e  of  woman  hath  gone  down,— 

Dark  flow  their  tides  o'er  manhood's  noble  head. 
O'er  youth's  bright  loirks,  and  beautj'g  flonery  crown 

Yes  1  in  these  modern  depositions,  the  remains  c 
man,  and  of  his  works,  must  of  necessity  be  coi^ 
tinually  engulfed,  together  with  those  of  the 
which  are  his  contemporaries. 

Of  the  nature  of  the  bed  of  the  ocean, 
of  courae  know  but  little  from  actual  observation. 
Soundings,  however,  have  thrown  light  upon  the 
deposits  now  forming  in  those  depths,  which  are 
accessible  to  this  mode  of  investigation ;  and  thoa 
we  learn,  that  in  many  parts  immense  accumulations 
of  the  remains  of  testaceous  animals,  intermixed  with 
sand,  gravel,  and  mud,  are  going  on.  Donati  ascer- 
tained the  existence  of  a  compact  bed  of  shells,  100 
feet  in  thickness,  at  the  bottom  of  the  Adriatic, 
which  in  some  parts  was  converted  into  marble.  In 
the  British  Channel,  extensive  banks  of  sand,  im- 
bedding the  remains  of  shells,  Crustacea,  &c.  are  tn 
the  progress  of  formation.  This  specimen,  which  was 
dredged  up  a  few  miles  from  land,  off  Brighton, 
is  an  aggregation  of  sand  with  recent  marine  shells, 
oysters,  muscles,  limpets,  cockles,  &<:.  and  minute 
corallines ;  and  this  example,  from  off  the  Isle  of 
Sheppcy,  consists  entirely  of  cockles  (Carditm 
edule),  held  together  by  conglomerated  sand.  In 
bays  and  creeks,  bounded  by  granitic  rocks,  the  . 
bottom  is  found  to  be  composed  of  micaceous  and 
quartzose  sand,    consolidated   into   what  may   be 


i«,  euBRENTB,  AND  THEIR  EFFECTS.  55 

tended  regenerated  graaite.  Off  Cape  Frio,  on  the 
Braxilian  coast,  solid  masses  of  this  kind  were 
formed  in  a  few  months,  and  in  them  were  found 
imbedded,  dollars  and  other  treasures  from  the 
'  irreck  of  a  vessel,  to  recover  which  an  exploration 
'    by  the  diving  bell  was  undertaken. 

+0.  Currents,  and  their  effects.— The  dia- 
I  tribution  over  the  bottom  of  the  sea  of  the  detritus 
brought  down  by  rivers  and  streams,  and  of  the 
materials  worn  away  by  the  action  of  the  waves  on 
I  the  shores,  is  principally  effected  by  the  influence  of 
'  currents,  which,  from  their  regularity,  permanency, 
I  uid  estent,  may  be  considered  as  the  rivers  of  the 
'  ocean.  To  this  agency  I  can  but  briefly  allude,  and 
'■  shall  restrict  my  remarks  to  the  Gulf-stream,  which 
'  JB  the  great  current  that  transports  the  waters,  and 
^  flie  temperature  of  the  tropical  regions,  into  the 
■  olimates  of  the  north.  From  the  mouth  of  the 
i  Bed  Sea  a  current  about  50  leagues  in  breadth  sets 
'  'continually  towards  the  south  west ;  doubling  the 
^'Cape  of  Good  Hope,  it  assumes  a  north-west  direc- 
I'  'tion,  and  in  the  parallel  of  St.  Helena,  its  breadth 

I 'exceeds  1000  miles;  then  taking  a  direction  nearly 
east,  it  meets  in  the  parallel  of  3°  north,  along  the 
fnorthern  coast  of  Africa,  with  a  current  from  the 
f 'north;  entering  the  Gulf  of  Florida,  they  are  re- 
'  fleeted  and  form  the  Gulf-stream,  which,  passing 
I  along  the  coast  of  North  America,  stretches. across 
(,'  tlie  Atlantic  to  the  British  Isles.  At  the  parallel  of 
l"  S8°,  nearly  1000  miles  from  the  Straits  of  Bahama, 
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the  water  of  the  stream  is  ten  degrees  warmer 
than  the  air.  The  course  of  the  Gulf-stream  is  w 
fixetl  and  regular,  that  nuta  and  plants  from  the 
West  Indies  are  annually  drifted  to  the  western 
islands  of  Scotland.  The  mast  of  a  man-of-war, 
burnt  at  Jamaica,  was  driven  ashore  several  months 
afterwards  on  the  Hebrides,  "  after  performing  a 
voyage  of  more  than  4O00  miles  under  the  direction 
of  a  current  which,  in  the  midst  of  the  ocean,  main- 
tains its  course  as  steadily  as  a  river  upon  the 
land."*  The  quantity  of  detritus  transported  by 
such  a  current  must  be  immense,  and  we  therefore 
need  not  wonder  at  frequently  finding  the  pro- 
ductions of  different  climates  associated  together 
in  a  fossil  state. 

41.  Incrusting  springs,  &C. — The  phenomei 
hitherto  considered,  are  referable  to  the  mechaniol 
action  of  water ;  and  the  effect  has  been  that  fl 
disintegration,  and  destruction,  in  the  first  instanot 
and  in  the  second,  of  accumulations  of  sediment*  n 
water- channels,  and  in  the  bed  of  the  sea, 
must  now  refer  to  an  operation  of  a  totally  differeid 
character — the  power  possessed  by  streams,  i 
and  sparkling  as  poet  ever  feigned,  or  su 
consolidating  loose  materials,  of  converting  poroH 
strata  into  solid  stone,  and  of  filling  up  thei 
own  channels  by  the  deposition  of  calcareoiM 
matter. 

That  most  fresh  water  holds  a  certain  proportion. 
•  Playfeil*!  Worlti,  «litionl822!  voLLp.fU. 
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of  carbonate  of  lime*  in  solution,  ia  well  known ;«, 
uid  also  that  changes  of  temperature,  as  well  asti 
y  other    causes,  will  occasion    the  calcareoiw 
earth  to  be  in  part  or  wholly  precipitated.     That 
fur,  as    it    is    called,    that    lines    a   boiler   which. 
tiu  been  long  in  uae,  affords  a  familiar  illustration' 
of  this  fact.      At  the  temperature  of  €0°,  lime  ii 
ioluble  io  700  times  its  weight  of  water ;  and  i£  . 
W  the  Bolution  a  small  portion  of  carbonic  acid  baf 
added,   a  carbonate  of  lime  is  formed,  and  pre 
%d  U      cipitaled  in  an  insoluble  state.     If,  however,  tha 
3«fon       cubonic  acid  be  in  such  quantity  as  to  supersaturate, 
the  lime,  it  is  again  rendered  soluble  in  water;  i 
it  is  thus  that  carbonate  of  lime,  held  in  solution  by 
u  excess  of  fixed  air,  not  in  actual  combination 
yjatat       Tith  the  lime,  but  contained  in  the  water  and  acting 
ftnicaJ      3C  a  menstruum,  is  commonly  found  in  all  waters., 
■at  oJ       Aq  absorption  of  carbonic  acid,  or  a  loss  of  that  ^ 
uior;       portion  wiiich  exists  in  excess,  will  therefore  occasion,   • 
the  calcareous  earth  to  be  set  free,  and  precipitated 
on  any  substances  in  the  water,  such  as  stones,  sprigs. 
Teat  I     md  leaves  of  trees,  &c.     Some  springs  contain  so 
lew  j     large  a  proportion  of  calcareous  earth  when  they 
0^    '      Grat  issue  from  the  rocks,  and  so  speedily  throw  it 
down  in  their  course,  that  advantage  has  been  taken 
of  the  circumstance  to  obtain  incrustations  of  various 

*  CarioBOte  if  lime  consists  of  lime  in  cotDbinatJon  with 
ntboaic  acid  gaa,  nLich  is  a  moat  abundant  natuial  product. 
Tti»  gu  U  linrtspirablo,  and  when  pure,  will  immediately  auf- 
Ibcatfl  in  animal  immersed  in  it.     It  extinguiKhes  Hame- 
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objects,  as  leaves,  branches,  baskets,  DestH  with  cq 
and  even  old  wigs.  The  iocrusting  eprings  of  Dal 
byshire  are  celebrated  for  such  productions.  TbCR 
depositions  are  termed  tufa,  or  travertine  j  and  fe 
Italy,  and  many  other  countries,  they  constittt 
extensive  beds  of  concretionary  limestone,  whi 
is  often  of  a  crystalline  structure.  The  Cjt 
pean  walls  and  temples  of  FEestum,  arc  formed  >| 
this  substance.  At  the  hatha  of  San  Filtpp« 
Tuscany,  where  the  waters  are  highly  charged  » 
tufa,  this  property  is  applied  to  a  very  ingeni 
purpose.  The  stream  is  directed  against  inoulda<4| 
medallions,  and  other  baa-reliefs,  and  very  besuUH 
casts  are  thus  obtained  ;  of  which  we  have  an  ex- 
ample in  this  medallion,  which  bears  the  head  of 
Napoleon,  and  was  presented  to  me  by  the  Marquii 
of  Northampton. 

42.  Inchustatioms  not  petrifactions. — Ae 
specimens  of  this  kind  are  commonly,  but  errone- 


ously, termed  petrifactions,  I  will  briefly  explain 
their  real   nature.      We    have    before   us   several 
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Krnslations  from  various  places :  baskets  of  shells, 
Uid. nests  with  eggs,  from  Derbyshire;  a  bird,  from 
(nares borough,  in  Yorkshire ;  and  a  twig,  partially 
bcruBted,  from  Ireland. 

1  need  scarcely  observe,  that  on  breaking  such 
,)pe<umeDS,  ne  find  the  inclosed  substances  to  have 
ladet^one  no  change  but  that  of  decay,  in  a  greater 
ia  lew  degree,  In  this  incrusted  bird's  nest,  the 
tvigs  of  which  it  is  composed,  like  the  branch  above 
■KDtioned,  are  exposed  in  several  places,  and,  as 
you  perceive,  are  not  permeated  by  stony  matter) 
tnt  are  dry,  and  brittle.  Now,  a  true  petrifaction 
k  altogether  of  a  different  nature,  the  substance 
being  saturated  throughout  with  mineral  matter ;  if 
we  break  it,  we  find  that  every  part  of  its  structure 
has  undergone  a  change ;  Hometimes  flint  has  filled 
Bp  the  interstices,  and  upon  slicing  and  polishing  it) 
tte  most  delicate  texture  of  the  original  may  be  de- 
tected. Wood,  for  instance,  which  is  so  commonly 
petrified  by  Bint  or  chalcedony,  may  be  cut  so  thin,' 
that  with  a  powerful  lens  the  ramifications  of  the 
vessels  and  the  structure  of  the  tissues  may  be 
wen,  and  from  their  form,  and  disposition,  we  may 
determine  the  particular  kind  of  tree  to  which  the 
specimen  belonged,  although  it  may  have  been  cased 
np  in  stone  for  ages.  When  bone  is  petrified,  the 
same  phenomena  are  observable ;  the  most  delicate 
parts  of  the  internal  structure  are  preserved,  and 
all  the  cells  are  filled  up  with  stone  or  spar,  which 
iia  oi^times  of  a  different  colour  from  that  of  the 
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walls  of  the  cells,  and  thus  a  natural  anatomioal  p 
paration,  of  great  beauty  and  interest  is  tbrmed.'i 

43.  Lakh  off  thb  Solfatara. — Thecelebra 
lake  of  tliG  Solfatara  lies  in  the  Campagna  betwtf 
Kome  and  Tivoli,  and  is  fed  by  a  stream  of  tboi 
water  wliii^h  flows  into  it  from  a  neighbouring  p 
Tlie  water  is  of  a  high  temperaturi;,  and  is  aatura 
with  carbonic  acid  gaiH,  which,  as  the  water  cot 
is  constantly  escaping,  and  l<eeping  up  an  ebulliti 
on  the  surface.  The  formation  of  travertine  Uij 
rapid,  that  not  only  the  vegetables  and  ehell-j 
are  surrounded  and  destroyed  by  the  caloare 
deposition,  bnt  iusectB  also  are  freijuently  ii 
In  tJiese  beautiful  specimens  of  travertine  1 
Solfatara.  vegetable  impresaions  arc  distinctly  a 
the  cavities  in  the  mass  having  been  occasioned  k 
the  decomposition  of  the  vegetable  matter,* 
stream  that  flows  out  of  the  lake  fills  a  canal)  whi 
is  conspicuous  at  a  distance,  front  the  line  of  vapH 
emanating  from  the  water. 

A  considerable  number  of  the  edifices  of  both 
ancient  and  modern  Home,  are  constructed  of  tra- 
vertine, derived  from  the  quarries  of  Ponte  Luacanot 
which  have  clearly  originated  from  a  lake  of  the 
same  bind.  Ptestum  is  also  built  of  calcareous 
tufa,  derived  from  similar  deposils.  "  The  waters  of 
these  lakes,"  says  Sir  Humphry  Davy,  "  have  their 
rise  at  the  foot  of  the  Apennines,  and  hold  in  solu- 
tion carbonic  acid,  which  has  dissolved  a  portion  of 
k    I    I,'  ,  ,    .  *  See  Appendix  6. 
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the  calcareous  rocks  through  whicli  it  has  pa^ed ; 

the  carbonic  acid  is  disaipated  by  tlie  atmosphere, 

ind  the  marble,  slowly  precipitated,  assumes  a  crys- 

tiUine  form,  and  produces  coherent  stones.     The 

tcid  originates  iu  tlie  action  of  volcanic  tires  on  the 

^^Mnoaa  rocks  of  which  the  Apennines  are  com- 

^^^^■Mod  carbonic  acid  being  thus  evolved,  rises 

^^^Hnnurce  of  the  springs  derived  from  the  action 

VPtkft  atmosphere,  gives  them  their  impregnation, 

and  enables  them  to  dissolve  calcareous  matter." 

M.  Marble  of  Tabreez.— In  Persia,  a  beau- 
tilid  transparent  limestone,  called  Tabreez  marble, 
ti  formed  by  deposition  from  a  celebrated  spring 
Dear  Maragha,  where  the  whole  process  of  its 
formation  may  be  seen.  In  one  part  the  water  is 
clear,  in  another  dark,  muddy,  and  stagnant ;  in  a 
third  it  is  very  thick,  and  almost  black ;  while  in 
the  last  stage  it  is  of  a  snowy  whiteness.  The 
petrifying  pools  look  like  frozen  water ;  a  stone 
thrown  on  them  breaks  the  crust,  and  the  water 
exudes  througli  the  opening ;  and  in  some  states 
the  process  has  proceeded  so  far  as  to  admit  of 
ivalking  on  the  surface  of  the  lake.  A  section  of 
the  stony  mass  resembles  an  accumulation  of  sheets 
of  paper,  being  finely  laminated ;  and  such  is  the 
tendency  of  this  water  to  solidify,  that  the  very 
babUes  on  its  surface  become  hard,  as  if  they  had 
been  suddenly   arrested,  and  metamorphosed  into 
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M,    StALACTITIH,  and  flTALAOMlTEM.— By  IIH 

inflttnitlon  of  WKter  tlirougli  liineotone  rooks.  Into 
flMum  and  o&vitloa,  iparry  conoretionx  arv  pruduoMi 
OH  thti  ruufi,  tidM.  mill  Hooni  of  Qkv«4-n».  H* 
coitorutioiiKiy  tnunriH  wliicli  ant  depuiKliint  frOD 
tlM  roof  liko  ioiol»i,  ato  oallt^d  »talutlibi  i  tbDH 
which  form  cm  thn  flonr.  from  tlin  dr(>)ipiiigi  of 
ths  water,  nru  tnrmt^d  nlalaffmiM  i  nnil  wliirn,  ■ 
frequently  happnni,  tlio  two  unite,  ft  lingulnrly  plfr 
tureique  oifnH  In  proilucml,— tlift  cuvnn  (ippr»rlii( 
M  If  Rupportod  by  pillan  of  thn  nkoit  fxtriiordimr]! 
beauty  and  vuriiity.*  HomotiniiiN  a  linour  tlmura  IB 
tha  ruof,  hy  thc<  direction  it  given  to  the  dropping 
of  the  Upidlfying  v/uUt,  fnrnm  n  tranRpuroiit  carltln 
or  partition.  A  runiarkaliln  inslanoo  of  thli  kind 
oooun  In  a  cavern  In  North  Amorloa,  aallod  Weyefi 
Cave,  which  U  Hituatud  in  the  limefltoiin  riuijp'.  of  the 
Blue  Moutjtaini.f  Tharc  are  alio  many  (mvdroi  In 
England,  celebrated  for  the  variety  anil  hiiauty  o\ 
their  sparry  ornamunta:  tliotu  in  Ui^rbyahiro  an 
woll  known, 

+G.  (lUoTTo  OP  Antii'AIiok.— The  (irotto  o 
Antiparoa  In  the  Grceinn  Archipelago,  not  far  tVon 
Parol,  UJuitly  admiroil,  The  nldci  and  i-uof  of  It 
prlncljial  cavity  ore  eovnrcd  with  immense  In 
oruetatlon*  of  oalearcoini  matter,  which  form  «lthe 
•talaotitM,  (lepimding  from  above,  or  Irregular  pUUi 
riling  IVom  thn  Hoor.  Sovural  perfecl  oolumn 
rsaohing  to  thi^  veiling  huvo  been  formed,  und  othti 
•  Appmiillx  C,  t  Appoiidix  U, 
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pre  still  in  the  course  of  formation,  by  the  union  of 
ithe  stalactite  from  above,  witti  the  stalagmite  below. 
These  being  composed  of  matter  slowly  deposited, 
liBTe  assumed  the  most  fantastic  shapes ;  while  the 
fure,  white,  and  glittering  spar,  beautifully  catches 
sad  reflects  the  light  of  tjie  torches  of  the  visitors 
lo  this  subterranean  palace,  in  a  manner  whicli 
causes  all  astonishment  to  cease  at  the  romantic 
tales  told  of  the  place — of  its  caves  of  diamonds, 
md  of  its  ruby  walb ;  the  simple  truth,  when  de- 
prived of  all  exaggeration,  being  sufficient  to  excite 
idmiration,  and  awe.  Some  of  these  concretions 
Sma  a  thin  curtain,  which  is  perfectly  trans- 
fueaU 

The  specimens  which  I  have  selected  from  my 
collectioiii  to  illustrate  these  remarks,  exhibit  the 
niual  character  of  stalactitical  concretions  ;  those 
long  stony  icicles  are  from  Portland ;  and  these 
miliute  Btrairs  of  apar,  from  an  archway  near  the 
Chain  PteT)  have  been  formed  by  the  inlilEration  of 
nin  through  the  superincumbent  bed  of  calcareous 
rock.  This  mass  of  pebbles,  held  together  by  calc- 
tpar,  is  from  the  cliffs  at  Kemp  Town  ;  and  affords 
n  proof  tliat  in  periods  very  remote,  the  same  pro- 
cess w&n  in  action  along  the  Sussex  shores.  These 
beautiful  slabs  of  marble  arc  portions  of  stalagmites, 
from  St.  Michael's  Cave,  Gibraltar;  and  this  lat^e 
conical  mass,  which  has  been  cut  through  aud 
polbhed  to  show  its  structure,  was  dug  up  on  the 
lit  of  Alfristoa-Hill,  in  Sus«0Xt  and  must  have 
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been  formed  in  some  chalk  cavern^  of  whidi  ■• 
traces  now  remain. 

47.  Consolidation   of   sANDy   anb   itO(M 
MATERIALS. — The  changes  effected  by  this  pnn 
cess  in  strata  composed  of  loose  materialsy  an  d 
still  greater  importance ;  for  by  an  infiltration  of 
crystallized  carbonate  of  lime,  sand  is  comrertei 
into  sand-stone, — fragments  of  soft  chalk  are  trui' 
muted  into  a  solid  rock,  as  in  the  Coombe-rodi;  of 
Brighton, — and  accumulations  of  beach,  and  graved 
into  a  hard  conglomerate,  as  in  this  example  of  tk 
ancient  shingle  bed  of  the  cliffs,  at  Rottingdeant-* 
shells,  into  a  building  stone,  as  in  this  mass  firon 
Florida, — and  broken  corals,  into  limestone,  as  ii 
these  specimens  from  Bermuda.     By  this  agency) 
the  bones  of  animals  become  permeated  with  cal- 
careous spar,  and  the  medullary  cavities  lined  with 
crystals  of  carbonate  of  lime  :  and  clay,  which  hat 
cracked  by  drying,  has  its  fissures  filled  up,  and  be- 
comes consolidated  into  those  curious  masses,  called 
septaria,  which  when  polished,  form  the  beautiful 
slabs  for  which  Weymouth  is  so  celebrated. 

48.  Destruction  of  rocks  by  carbonic  acib 
GAS. — Although,  in  the  instances  cited  above,  water 
by  its  combination  with  carbonic  acid,  occasions  the 
solidification  of  loose  and  porous  beds  of  detritus, 
yet  the  effect  of  this  gas  on  certain  rocks  is  that  of 
disintegration ;  for  by  its  solvent  influence  on  the 
felspar,  granite  itself  is  reduced  to  a  friable  state ; 
the  quartz  and  mica,  which  with  felspar  constitute 
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granite,  being  set  at  liberty.  The  disintegration  of 
granite,  is  a  striking  feature  througbout  extensive 
districts  in  Auvergne,  especially  in  tlie  neighbour- 
hood of  Ckrtnont.  In  the  ancient  shingle  of  the 
diffs  at  Kemp  Town,  near  Brighton,  blocks  of 
gnmite  occur  which  may  be  crumbled  to  pieces 
between  the  fingers,     I  have  already  shown  you 

;s  of  pebbles  held  together  by  calcareous  spar, 
frora  the  same  locality ;  we  have,  therefore,  esam- 
pl«s  in  that  ancient  bed,  both  of  the  conservative 

id  disintegrating  effects  of  carbonic  acid — cement-     i 
i(lg.the  loose  beach  into  solid  blocks  by  calcareous 

■ktons ;  and,  when  in  a  gaseous  state,  or  com- 
yi^iritli  water,  dissolving  the  granite  by  its  action 
nIkB  felspar. 

49.  Cabbonic  Acm  gas  in  caves  and  wells. 
—The  escape  of  carbonic  acid  through  fissures,  into 

s,  wells,  and  caverns,  is  of  frequent  occurrence ; 
ud  as  the  specific  gravity  of  this  gas  is  greater  than 
that  of  atmospheric  air,  it  occupies  the  bottom  of 
tbese  cavities,  and  its  presence  is  seldom  suspected 
tiU  shown  by  its  deleterious  effects ;  it  is  called 
dtoke-damp  by  miners.  Fatal  accidents  often 
li^pen  to  well-diggers  and  excavators  from  this 
Wise. 

The  Grotto  del  Cane,  near  PuzzuoH,  four  leagues 
from  Naples,  iias  for  centuries  been  celebrated  on 
account  of  the  carbonic  acid  gas,  containing  in 
combination  much  aqueous  vapour,  which  is  con- 
Uutl;  rising  from  fissures  in  the  rock,  and  is  con- 
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dpnscd  by  the  coldness  of  the  external  atmosphari 
The  floor  of  the  cavern  being  lower  than  the  « 
trance,  the  gEis  is  spread  over  the  bottom  tike 
pool  or  water,  nud  the  upper  part  is  free  from  t 
noxious  Tapour.       Tlie   deleterious  eflects  of  B 
Gurbonic  acid  is,  therefore,  not  felt  by  any  creatfl 
whose  oi^aiis  of  respiration  are  above  the  level  11 
this  mephitic  lake ;    but  if  a  dog,  or  other  e 
animal,  enter  the  cave,  it  instantly  falls  sens( 
and  would  expire  if  not  speedily  removed  :   tlW  1 
name  of  the  cave  is  obviously  derived  from  the  a 
periment  being  often  made  on  dogs,  for  the  a 
mentof  visitors.*     It  is  impossible  to  lire  a  pisttd 
at  the  bottom  of  the  cavern  ;  for,  although  gna 
powder  may  be  exploded  even  in  carbonic  aoid  If 
the  application  of  a  heat  sufficient  to  decompc 
the  nitre,  and  consequently  to  envelope  the  mass  S 
an  atmosphere  of  oxygen  gas,  yet  the  influence^l 
a.  mere  spark  from  steel  produces  too  slight  I 
augmentation  of  temperature  for  this  purpoBe.-f 

SO.  CoNSOLCDATION  OP  LOOSE  STRATA  BY  IRON, 

— Water  charged  with  a  large  proportion  of  iron, 
acts  an  important  part  in  the  consolidation  of  loose 
materials,  converting  sand  into  iron-stone,  and  beach 
or  shingle  into  a  ferruginous  conglomerate.  At 
Clapliein  Common,  and  other  places  in  the  vicinity 
of  London,  a  very  compact  breccia  occurs  in 
largo  blocks,  being  composed  of  chalk-flints,  more 
or  less  broken,  and  rolled,  cemented  together  by 
■  See  Sandyi'  Truvela.  f  Iloubeny  on  VolcuioeL 
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'  in  infiltration  of  iron.  In  this  example  of  a 
imrae-slioe  firmly  impacted  la  a  mass  of  pebbles 
ud  sand,  from  tlie  aea-beaeh  at  Eastbourn.  the 
cement  which  binds  the  mass  is  derived  from  the 
Iron.  Nails  are  frequently  found  in  the  centre  of 
a  aoclule  of  hard  sandstone  formed  by  this  process ; 
I  the  nail  having  supplied  the  water  tvith  the  mate- 
ital  by  which  the  surrounding  sand  has  become 
1  into  stone.  I  Lave  here  a  cannon  ball 
a  the  centre  of  a  nodule  of  iron-stone, 
t  are  several  oyster  shells :  this  specimen 
edged  up  off  the  Sussex  coast,  and  has  evi- 
r  been  consolidated  by  the  solution  of  iron 
afforded  by  the  partial  oxidation  of  the  cannon  ball. 
In  tliis  very  interesting  mass  of  breccia,'  which  has 
been  produced  by  a  like  process,  are  two  silver 
peonies  of  Edward  I.  This  curious  specimen,  for 
»lrich  I  am  indebted  to  George  Grantham,  Esq.  of 
Borcombe  Place,  Susses,  was  obtained  from  a  Dutch 
vessel,  which  was  stranded  off  Hastings  a  century 
^  •    it  is  a  conglomerate  of  glass  beads,  knives, 

•  Thu  specimen  nas  dug  up  at  a  depth  of  ten  feet  in  the  bed 
«f  the  river  Dove,  in  Derbysliire  ;  and  the  coins  ate  presumed 
lo  lie  part  of  the  treasures  contained  in  the  military  chest  of  the 
Bul  or  LaDcaater,  which  wia  lost  in  cioBaii^  (he  river  in  the 
ittk;  the  guards  hcing  alarmed  by  a  audden  panic,  and  the 
tiMKt  »ith  si!  its  contents  thrown  into  the  Dove.  The  Earl  of 
Lancaster  was  belieaded  in  March  1322;  the  specimen  was 
^MOVered  about  sii  years  since  ;  more  than  dve  centnriea  have, 
HereftrB,  elspaed  sinoe  its  submersi 
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and  sand;  the  cementing  material  havii^  been 
derived  from  the  oxidation  of  the  blades.  Ii 
the  bed  of  the  Thames,  large  masses  of  a  ftm- 
ginous  conglomerate  are  occasionally  founds  iii' 
which  Roman  coins,  and  fragments  of  pottery,  an 
imbedded ;  the  stone  being  formed  of  sand  and  dij 
impregnated  and  consolidated  by  ferruginova  infit 
tration. 

These  specimens  of  oxide  of  iron  were  dag  up  int 
marshy  soil,  near  Bolney,  in  Sussex,  and  are  of  the 
same  nature  as  the  substance  called  bog-iron  on, 
which  so  frequently  occurs  in  peat.  The  ebony 
colour  of  the  woods  from  Ireland,  which  we  hav^ 
already  examined,  has  been  derived  from  an  im* 
pregnation  of  iron.  Specimens  of  bog-iron  are  not 
uncommon  in  the  superficial  loam  and  gravel  of 
the  south-east  of  England. 

The  consolidation  of  sand  and  other  loose  mate- 
rials by  these  agencies,  is  taking  place  everywhere; 
on  the  shores  of  the  Mediterranean ;  on  the  coasts 
of  the  West  India  Islands,  and  of  the  Isle  of  Ascen-. 
sion ;  and  on  the  borders  of  the  United  States ;  thus 
the  remains  of  man,  at  Guadaloupe  —  of  turtles, 
in  the  Isle  of  Ascension  —  of  recent  shelb,  and 
bones  of  ruminants,  at  Nice — of  ancient  pottery  in 
Greece — and  of  animal  and  vegetable  substances, 
in  our  own  country,  have  become  imbedded  and 
preserved. 

I  now  proceed  to  notice  a  'few  instances  of  these 
interesting  and   important  operations,  by  which 
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audi  of  tlie  solid  crust  of  the  globe  is  continually 
tKiiog  renewed. 

51.  Recent  formation  op  marine  limestone 
IK  THE  Bermudas. — Tlie  valuable  series  of  speci- 
meiiB  before  roe  (presented  by  W.  D.  Saull,  Esq.) 
the  Bermuda  Islkuds,  &nd  affords  examples 
elasa  of  deposits  in  different  states  of  con- 
bo.  The  sea  which  surrounds  the  Bertnudas 
corals  and  shells ;  and  from  the  action 
vaves  on  the  reefs,  and  on  the  dead  shells, 
becomes  loaded  with  calcareous  matter. 
of  this  detritus  ia,  no  doubt,  carried  down  to 
the  profound  depths  of  the  ocean,  and  there  en- 
velopes the  remains  of  animab  and  vegetables,  thus 
forming  new  strata  for  the  use  of  future  ages  ;  but 
*  great  proportion  is  borne  by  the  waves  towards 
itif  shores,  and  deposited  in  the  state  of  fine  sand. 
Tins  sand  is  drifted  inland  by  the  winds,  and  be- 
TOnes  more  or  less  consolidated  by  the  percolation 
of  water,  and  the  infiltration  of  crystallized  car- 
bonate of  lime ;  a  fine  white  calcareous  stone  ia  thus 
tormed,  which  in  some  localities  is  sufficiently  com- 
piot  for  building.  Imbedded  in  this  limestone  are 
numerous  shells  and  corals,  of  the  species  which 
inhabit  the  neighbouring  seas :  in  some  instances 
tbc  large  mottled  trochus,  so  well  known  to  col- 
lectors both  in  its  natural  and  polished  state,  with 
dl  its  colours  preserved,  is  imbedded  in  a  pure, 
white  limestone ;  in  many  specimens  the  colours 
MB  faded,  and  the  shelb  very  much  in  the  state  of 
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ihuse  found  in  tlie  tertiary  strata  at  Grignon^ 
utliera  the  slicUy  matter  ie  wanting,  but  the  ]| 
limestonQ  retains  tlio  forma  and  markings  of  4 
originals.  The  coralit  are  imbedded  in  a  ainl 
manner;  and  masses  occur  in  the  limestone  m ^ 
the  foaail  corals  of  the  oolite  of  this  country,  1 
reijuirea  an  experienced  eye  to  detect  their  i 
nature. 

In  a  suite  of  specimens,  shoivinf;  the  t 
from  loose  sand  to  a  solid  rock,  wo  have — 

1.  DrolienshellsandcoraU,  retaining  their  colot 

2.  Similar  materials,  more  comminuted  und  o 
pletcly  bleoched. 

3.  An  aggregation  of  fine  sand,  broken  shetll) 
and  corals. 

4.  Coarse  friable  limestone,  resembling  soft  chalk, 
and  composed  of  comminuted  corals,  &c. 

a.  Hard  limestone,  of  Himilar  materials. 
().  Compact  limestone,  enveloping  shells  and  peb- 
bles. 
7.  A  line  indurated  limestone,  so  hard  u  to  bo 
with  difficulty  broken  by  tlio  hammer,  inclosing 
a  few  shells,  and  corals :  this  stono  is  employed 
for  building. 
Mr.  Lycll  lias  described  a  frcsh-w'atcr  limestone, 
containing  recent  shells  and  aquatic  plants,  which 
is  in  the  progress  of  formation  in  the  lakes  of  i'or- 
forshire,  in  Scotland."    In  the  specimens  before  us, 
which  were  collected   by  Mr.  Lyell,  are  various 
*  Qaological  Triniiulionn,  vol,  1,  p,  73,  new  gcrlri . 
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species  of  fresh-water  shells,  and  masses  of  that 
common  lacustrine  plant,  the  CAara  medicaginula, 
beautifully  preserved ;  even  the  minute  aeed-vessela 
of  the  chara  are  found  converted  into  stone,  in  pre- 
cisely the  same  maouer  as  those  which  occur  in  the 
ancient  fresh-water  tertiary  limestones.  Here  then 
is  an  example  of  the  formation  of  a  modern  lacus- 
trine rock ;  while,  in  the  deposits  at  Bermuda,  we 
have  proof  that  the  eea  is,  at  this  time,  producing 
effects  analogous  to  those  which  have  given  rise  to 
many  of  the  ancient  secondary  strata. 

52.  Fossil  HUMAN  SKELETONS  ofGuadaloupe. 
. — Similar  formations  are  in  progress  along  the  shores 
of  the  whole  West  Indian  Archipelago  ;  and  in  St. 
Domingo  they  have  greatly  estended  the  plain  of 
Cayea,  where  accumulations  of  conglomerates  occur, 
and  in  which,  at  the  depth  of  twenty  feet,  fragments 
of  ancient  pottery  have  been  disi 
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daloupe,  a  be<l  of  recent  limestoue  forms  a  bIo] 
bank,  or  glacis,  from  the  steep  clifTs  of  the  ialoMl 
to  tbe  Bea,  and  is  nearly  all  submerged  at  lilgb 
tides.  TJiis  luodern  rock  is  composed  of  coDsa' 
lidated  sand,  and  comminuted  ahells  and  corals,  of 
speciea  now  inhabiting  the  adjacent  seas.  Land 
shells,  fragments  of  pottery,  stone  arrow-lieads, 
carved  stone  and  wooden  ornaments,  and  human 
skeletons,  are  found  therein  imbedded.  This  being 
the  only  known  undoubted  instance  of  the  occur- 
rence of  human  bones  in  solid  limestone,  has  e:(citc<l 
great  atlcntioii ;  and  the  fact,  simple  and  self-evi- 
dent as  is  its  history,  has  been  made  the  foundation 
of  many  vague  and  absurd  hypotheses. 

In  most  instances  the  bones  are  dispersed  ;  but  & 
large  slab  of  rock,  in  which  a  considerable  portion  of 
the  skeleton  of  a  female  is  imbedded,  is  preserved 
in  the  British  Museum,  and  has  been  described  by 
Mr.  Konig,  in  a  highly  interesting 
Philosophical  Transactions,  of  IBH. 

The  annexed  representation  (Tab.  10.)  will  aei 
to  convey  an  idea  of  this  celebrated  relic,  whi( 
was  detaclied  from  the  rock  at  the  Mole,  i 
Point-a-Pitre. 

In  this  specimen  the  skull  is  wanting,  but 
spinal  column,  many  of  the  ribs,  the  bones  of  tli»< 
lell  arm  and  hand,  of  the  pelvis,  and  of  the  thighs 
and  legs,  remain.  The  bones  still  contain  some 
aiiimal  matter,  and  the  whole  of  their  phosphate 
of   lime.      It  is   remarkable,   that  the   fragmmti 
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I  of  the  skuli  of  this  very  spec  n  en  have  recently 
"f  taen  purohased  for  the  muBeum  at  South  C  arolina. 


of  a  FreDch  naturalist,  who  brought  them  Trom 
Gii&daloupe;  and  they  have  been  described  by  Pro- 
feuor  Moultrie,  of  tlie  Medical  College  of  that 
State.  Tiiese  relics  consist  of  portions  of  the 
ttmpoTxil,  parietal,  frontal,  sphenoidal,  and  inferior 
wtaiilary  bones,  of  the  right  side  of  the  skull.  An 
entire  skeleton  was  also  discovered  in  the  usual 
position  of  burial;  another,  which  was  in  a  softer 
luidstoae,  was  in  a  sitting  posture.      The  bodies, 
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thus  dift'erently  situated,  niay  have  belonged  to 
distinct  tribes.  Gorierol  Ernouf.  who  carefuUf 
investigated  tliis  intcrcHting  depouit,  conjectured 
that  the  presence  of  the  bones  might  be  explained 
by  the  circumBtanco  of  a  battle,  and  the  massacre 
of  a  tribe  of  Gallibis  by  the  Caribs,  baving  takea 
place  near  this  spot,  about  120  years  ago,  and  the 
bodies  of  the  slain  been  interred  on  the  shon; 
the  siieletons  having  subsequently  been  covered  by 
sand-drift,  whicli  han  been  converted  into  lime' 
stone.  Dr.  Moultrie,  however,  from  a  rigorous 
examination,  and  comparison  of  the  bones  of  the 
skull  in  his  possession,  is  of  opinion,  that  iha 
specimen  in  the  British  Museum  did  not  belou); 
to  an  individual  of  the  Carib,  but  to  one  of  the 
Peruvian  race,  or  of  a  tribe  possessing  a  similar 
eraniologieal  development. 

Iji  another  skeleton  from  Guodaloupc,  now  in 
the  muHCum  of  the  Jardin  dea  Planlea,  and  repre- 
sented in  the  last  edition  of  Cuvier's  Tli^orie  de  la 
Terre,  the  figure  is  bent,  tlie  spine  fonns  an  arc, 
and  the  thighs  are  drawn  up  as  if  the  individual 
were  in  a  sitting  posture ;  a  portion  of  the  upper 
jaw,  and  the  left  lialf  of  the  lower,  witli  several 
teeth,  nearly  the  whole  of  ono  side  of  the  trunk 
and  pelvis,  and  a  considerable  portion  of  the  upper 
and  lower  left  extremities,  are  preserved  (Tab.  11), 
The  stone  is  a  travertine  (page  5S),  and  incloses 
terrestrial  ajid  marine  xliellsi  it  is  evident  that  the 
former  have  bqcn  drifted  by  streams  from  iho  iu- 
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terlor,  and  the  latter  deposited  by  the  ocean.  In 
ibe  bed  from  which  this  block  waa  extracted,  were 
found  teeth  of  the  caiman  (a  species  of  crocodile). 


itone  hatchets,  and  a  piece  of  woodi  having  rudely 

•culptureil  on  one  side  a  mask,  and  on  the  other 

le  figure  of  an  enormous  frog     it  is  of  guaiacum, 

but    has    become   estremely  hard,  and   aa  black 

jet 

53.  iMpaEssioHs  OF  human  feet  in  sand- 
kTOHE.  —  In  conoexioQ  with  the  occurrence  of 
inman  bones  in  limestone,  I  will  here  notice  a 
Sscovery  of  the  highest  interesti  but  which  has  not, 
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as  yet,  excited  among  scientific  observers  the  W 
tioti  which  its  importance  demands.  I  allude  to  6 
fact  announced  in  the  American  Journal  of  Scii 
(vol.  V.  for  1822,)  of  iropressions  of  human  feet  li 
aandstone,  discovered  many  years  ago  in  a  quail 
at  SL  Louis,  on  the  western  bank  of  the  Missiwipp 

r  The  above  figure  ia  an  exact  cop>  of  the  original 

drawing,  and  exhibits  the  impiessions  of  the  soles 
of  two  corresponding  human  feet,  placed  at  a  abort 
distance  from  each  other,  as  of  an  individual  Btandii| 
upright,  in  an  easy  position.  The  prints  are  t 
scribed  as  presenting  the  perfect  impress  of  the  fi 
and  toes,  exhibiting  the  form  of  the  muscles,  a 
the  flexures  of  the  skin,  as  if  an  accurate  cast  bai 
been  taken  in  a  soft  substance.  They  were  at  fin 
supposed  to  have  been  cut  in  the  stone  by  the  natin 
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^^^^^Mut  a  little  reflection  sulliced  to  dhow  that 
^^^Hi  beyond  the  efforts  of  those  rude  children 
BRBRk  ;  since  they  evinced  a  skill,  and  fidelity  of 
uwution,  which  even  my  distinguished  friend.  Sir 
Francis  Cbantrey,  could  not  have  surpasseil.  No 
doubt  exists  iu  my  mind,  that  these  are  the  actual 
priots  of  human  feet  in  soft  sand,  which  was  quickly 
converted  into  solid  rock  by  the  infiltration  of  cal- 
careous matter,  in  the  manner  already  described. 
Tbe  length  of  each  foot  is  ten  inches  and  a  half,  the 
spread  of  the  toes  four  inches,  indicating  the  usual 
iUturet  'U'd  the  nature  of  the  impression  shows 
tliU  the  feet  were  unconfined  by  shoes  or  sandals. 
This  phenomenon,  unique  of  its  kind,  is  fraught 
'<  with  so  much  importance^  that  I  have  requested 
(Whsof  Sillimaa  to  ascertain  the  nature  of  the 
untktone,  and  the  period  of  its  formation.  Here- 
ifler  I  shall  have  to  direct  your  attention  to  im- 
pressions of  another  kind,  in  rocks  of  immense 
geological  antiquity. 

34.  IsLS  OF  Ascension. — This  island,  which  is 
tvoleanic  cone  in  the  midst  of  the  Atlantic,  appears 
Id  bave  been  a  dome  of  trachytic  rocks,  subse- 
qoeatly  sffordiog  vent  to  lava  currents ;  and  its 
■bores  are  bounded  by  a  conglomerate  formed  of 
■and  witli  oomminuted  shells,  corals,  echini,  and  frag- 
neots  of  lava.  In  the  suite  of  specimens  before  us 
ire  portions  of  this  conglomerate  iv  various  stales 
of  consolidation.  They  are  comyiosed  of  corals, 
'tUdi  still  retun  their  colour ;  of  shells,  more  or 
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less  broken;  and  of  sand  of  similar  maturioli) 
they  also  contain  pebbles  of  tracbytic  and  glaetj 
lava,  The  shores  of  this  ieiand  are  a  favourite 
resort  of  turtles,  which  repair  thither  in  immenw 
numbers,  and  deposit  their  eggs  in  the  Uioae  sand : 
the  rapid  conversion  of  the  coarse,  calcareous  banki 
into  solid  stone,  occasions  tho  frequent  imbedding, 
and  preservation  of  the  eggs  ;  and  tliere  are  speci- 
mens in  the  cabinet  of  tiie  Geological  Society,  in 
which  the  bones  of  young  turtle!^,  just  on  the  point 
of  being  Iiatched,  are  well  preserved.*  The  con* 
glomerate  of  the  Isle  of  Ascension  is,  as  you  may 
observe,  principally  composed  of  corab.  Here  we 
have  another  example  of  a  rock  I'ormed  of  the  calca- 
reous skeletons  of  those  wonderi'ul  forms  of  organic 
existence.  It  is  not  my  intention  in  this  place  to 
dwell  on  the  geolof^ical  changes  produced  by  recent 
zoophytes,  in  the  formation  of  coral  reefs,  Sic.,  as 
the  esamination  of  the  recent,  and  fossil  corals,  will 
form  the  subject  of  a  subsequent  lecture. 

55.  Drifted  sand. — We  have  already  briefly 
alluded  to  the  encroachments  on  the  land  by  the 
drifting  of  sand-banks,  thrown  up  beyond  the  reach 
of  the  tide,  and  driven  by  the  winds  inland  ;  thus 
effecting  tlie  desolation  of  whole  regions  by  their 
itlow,  but  certain  progress.  Egypt  instantly  presents 
herself  to  the  imagination,  with  her  stupendous 
pyramids,  the  sepulchres  of  a  mighty  race  of  mon- 
archs,  and  the  wonder  of  the  worW — her  temples, 
■  See  Lyell's  Prinoiplu  at  Ornhgy,  fith  edit  tdI.  iii.  p.  MS. 
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id  palaces,  once  ao  Bplendid  and  massive,  as  to 
to  the  ravages  of  time — her  plains, 
•ys,  formerly  teeming  with  abundance,  and 
population — now  stripped 
icient  glories,  her  fairest  regions  depopu- 
and  converted  into  arid  wastes, — her  cities 
nerwhelmed,  and  prostrate  in  the  dust — and  the 
ctdosgal  monuments  of  her  kings,  and  the  templei 
of  her  gods,  half  buried  beneath  the  sanda  of  the 
Desert !  The  drifUng  of  the  sands  of  the  Lybian 
il«sert  by  the  westerly  winds,  observes  M.  De  LuC) 
hu  left  no  lands  capable  of  cultivation  on  those 
parts  of  the  western  bank  of  the  Nile  which  are  not 
iheltered  by  mountains ;  while  in  Upper  Egypt, 
itricts  are  covered  by  moveable  sands,  and 
there  may  be  seen  the  summits  of  temples, 
which  they  have  overwhelmed. 
ig  can  be  more  melancholy,"  says  Denon, 
*  Iban  to  walk  over  villages  swallowed  up  by  the 
sand  of  the  Desert,  to  trample  under  foot  their 
roofe  and  minarets,  and  to  reflect  that  yonder  were 
cultivated  fields,  that  there  grew  trees,  that  here 
"ere  the  dwellings  of  men,  and  that  all  have  now 
TUiished.  The  sands  of  the  Desert  were  in  ancient 
times  remote  from  Egypt;  and  the  Oases  which 
itiB  ^pear  in  the  midst  of  this  sterile  region,  are 
the  remains  of  fertile  soils  which  formerly  extended 
In ttre  Nile."* 

*  Skui  Essay,  on  the  Moriiig  Saudi  of  Alrica,!!!  Frofessor 
'«  TrmsUtion  of  Cnrior'B  Theory  of  Ihe  Earth,  p.  3Tfi. 
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56.  Sand-flood,  and  recent  LiMzaTONS  or 
Cornwall. — On  many  parts  of  the  shores  of  Scot'  •■ 
laud,   sand- Roods   have   converted  tracta  of  graU 

fertility  into  barren  wastes:  and  on  the  aortbern 
coaat  of  Coniwall  an  extensive  district  has  bfen 
covered  by  drifted  sand,  which  has  become  oen-  I 
aolidated  by  the  percolation  of  watpr  holding  iroo  in  ' 
solution,  and  in  some  places  forma  ranges  of  lo» 
mounds,  and  hills,  forty  feet  high.  This  aanUsioM 
offers  a  striking  and  most  interesting  example  of 
recent  formation,  and  haa  been  described  by  Dr. 
Paris,  in  a  memoir  which  1  do  not  hesitate  to  cha- 
racterize as  one  of  the  most  graphic,  and  instnictiv« 
geological  essays  on  modern  deposits,  that  has  aj)< 
peared  in  this  country.*  The  sand  has  evidently 
been  drifted  from  the  sea  by  hurricanes,  probably  at 
a  verv  remote  period ;  it  is  lirst  seen  in  a  slight,  but 
increasing  state  of  aggregation,  on  several  parts  of 
the  shore  in  the  Bay  of  St.  Ives.  Around  the  pro- 
montory of  New  Kaye,  the  sandstone  occurs  in 
various  states  of  induration,  from  that  of  a  friable 
aggregate,  to  a  stone  so  compact,  as  to  be  broken 

Mi.  Wilkinson,  in  k  Iste  highly  intEceBting;  work,  (|uetitioni  the 
correctncBS  of  Choe  inferences,  a<  to  the  extent  of  the  luid- 
tloDdB,  mid  auerta,  ihiit  at  the  present  time  the  alluvia]  noil 
on  the  iacreue,  tha  depoiits  ttoai  the  itiuadationB  uf  tha  Nile 
more  than  counterbalancing  the  inroad>  ot  the  laitdi ;  laA  tbu 
the  Uud  now  capable  of  cultivation  in  Itio  valley  of  Egypt  ■* 
gienter  than  si  the  time  of  the  Phsraol^s. — Maintrt  and  Cmtemf 
of  lie  Ancient  Egyplbai,  vol.  i.  pp.  218—222. 
■  Appendix  £. 
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trilb  difficulty  by  the  hammer ;  and  which  is  used 
in  the  coDstructioQ  of  churches  and  houses.  Upon 
examining  the  stone  with  a  lens,  it  appears  to  be 
Iirincipally  made  up  of  comniinuted  shells;  and  it 
it  vorthy  of  remark,  that  the  shelly  particles  are 
Ireguetitly  found  to  be  spherical,  from  the  previous 
operation  of  water,  and  some  portions  of  the  rock 
do«ely  reaembie  [he  ancient  limestone  called  oolite, 
which  will  hereafter  come  under  our  notice.  The 
upon  which  the  sandstone  reposes  are  clay, 
slate,  and  slaty  limestone ;  and  the  water  etfectiDg 
their  decomposition  may  have  thus  obtained  the 
troll]  alamiaa,  and  other  mineral  matters  by  which 
the  loose  sand  has  been  eonrerted  into  sand- 
stone. 

The  infiltration  of  water  thus  impregnated,  Dr. 
Paris  observes,  is  a  common  and  extensive  cause  of 
lapidification  :  at  Fendean  cove,  granitic  sand  is 
gradually  hardening  into  breccia,  by  this  process ; 
and  in  the  island  of  St.  Mary,  is  becoming  indu- 
rated by  the  slow  action  of  water  impregnated  with 
iron. 

57*  SiLicioDS  DBFosiTiovs. —  Silicious  eartli, 
or  the  «arth  of  flint,  is  another  abundant  mineral, 
and  constitutes  so  large  a  proportion  of  the  rocks 
and  strata,  that  it  is  computed  to  form,  either  in  a 
pure  or  combined  state,  nearly  one-half  of  the 
solid  crust  of  the  globe.  The  flints  from  our 
cliffs,  the  boulders  and  gravel  on  our  shores,  and 
the  pebbles  of  i^ate,  quartz,  and  chalcedony,  are 
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well-known  examples  of  the  nsoai  Tarietiei  of 
•ilejL* 

I  Mcarct^j  need  obienre,  that  this  nodule  of  iliit» 
obtained  from  a  neighbonring  chalk  qoarrjy  kii 
once  been  in  a  toft  or  fluid  state ;  for  here  wo  per* 
eeiye  impressions  of  sheUs,  and  of  the  qpinea  of  aa 
echinus  deeply  imprinted  on  its  surfaoe.-f-  We  hm 
already  seen  that  water  impregnated  with  carboue 
acid  gas  is  capable  of  holding  lime  in  solution ;  and 
that  trayertine»  limestone,  and  other  calcareoot 
deposits,  have  originated  from  tlus  agency;  aid 
aUhougby  even  in  the  present  advanced  state  of 
chemical  knowledge,  we  are  unacquainted  with  the 

*  Here  I  would  digress  for  a  few  moments,  to  notiee  an 
opinion  which  is  so  generally  prevalent,  that  I  may  be  permitted 
to  assume,  that  even  some  of  my  readers  may  not  be  prepared 
at  once  to  answer  the  question, — Do  stones  grow  ?  The  fimner 
who  annually  ploughs  the  same  land,  and  every  year  observes  a 
fresh  CROP  of  stones,  would  probably  answer  in  the  affirmati?e; 
and  the  general  observer,  who  had  for  successive  years  noticed 
his  gardens  and  plantations  strewed  with  stones,  notwithstanding 
their  almost  daily  removal,  might  entertain  the  same  opinion. 
A  moment's  reflection,  however,  will  serve  to  show,  that<.it  is 
impossible  stones  can  be  said  to  grow,  in  the  proper  acceptation 
of  the  term.  Organic  bodies  grow,  because  they  are  provided 
vrith  vessels  by  which  they  are  capable  of  taking  up  and  assimi- 
lating particles  of  matter,  and  converting  them  into  their  own 
substance ;  but  an  inorganic  body  can  only  increase  in  bulk  by 
the  addition  of  extraneous  matter  to  its  outer  sur£u^ ;  hence 
stones  may  be  incrusted,  or  they  may  become  conglomerated 
together,  but  they  cannot  grow. 

f  }'%d*  **  Thoughts  on  a  Pebble ;  or,  a  First  Lesson  in  Geo- 
logy."   Fifth  edition ;  1837. 
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process  by  whicli  any  large  proportion  of  flint  can 
be  held  in  Bolutioa  by  water,  yet  we  have  unques' 
itionable  proora,  that  the  solution  of  ailicious  Earth 
l^ltas  been  effected  by  natural  processes,  on  a  very 
l«stensive  scale.  At  the  present  moment,  Natore, 
'''  in  her  secret  laboratories,  is  still  carrying  on  a 
modification  of  the  same  process ;  and  of  this  fact 
we  have  a  remarkable  instance  in  the  Geysers  of 
,  ieelaad,  and  in  the  springs  of  Carlsbad,  in  Bohemia. 
kFrofesaor  Silliman  remarks,  that  "  the  sulphuret  of 
i|  iilicoD,  which  is  the  base  of  silex,  is  very  soluble, 
and  that  silicious  earth  itself  is  taken  up  by  fixed 
alkalies,  and  by  fluoric  acid  ;  and  that  these  agencies, 
like  most  of  those  which  are  chemical,  are  rendered 
more  active  by  heat."  A  high  temperature  there- 
fere  appears  necessary  to  enable  water  to  dissolve 
ft  large  proportion  of  silex,  &c, ;  Itence,  we  find  that 
the  thermal  springs  of  volcanic  regions  are  the 
I  principal  agents  by  which  silicious  depositions  and 
:  incrustations,  are  at  present  produced. 

58.  The  Geysers.— The  Geysers,  or  boiling 
feuatoins,  of  Iceland,  have  long  been  celebrated  for 
possessing  this  property  in  an  extraordinary  degree ; 
holding  a  large  proportion  of  silex  in  solution,  and 
depositing  it,  when  cooling,  on  vegetables  and  otlier 
■abstances,  in  a  manner  similar  to  that  in  which 
I  Csrbonate  of  lime  is  precipitated  by  the  incrusting 
Veprings  of  which  we  have  already  spoken.  Iceland 
I'may  be  considered  as  a  mass  of  volcanic  matter; 
ilhe  only  substances  not  of  yolcanic  origin  in  the 
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whole  island,  being  beds  of  surturbrand,  or  bit 
minous  wood,  in  which  occur  leaves,  trunks,  ai 
brancbeB  of  trees,  with  clay  and  ferruginous  earl 
These  stratOi  support  alternating  beds  of  bass 
tufa,  and  lava,  nhich  form  the  summit  of  the  hill 
which  the  vegetable  remains  occur.  The  Geyse 
of  which  there  are  a  considerable  number,  i 
springs,  or  rather  intermittent  fountains  of  1: 
vater,  which  issue  from  crevices  in  the  lava, 
fountain  of  boiling  water,  accompanied  with  a  gn 
evolution  of  vapour,  first  appears,  and  is  ejected  t 
considerable  height;  a  volume  of  steam  aucceei 
and  is  thrown  up  with  great  force,  and  a  terri 
noise  like  that  produced  by  the  escape  of  stei 
from  the  boiler  of  an  engine.  This  operation  « 
tinues  sometimes  for  more  tiian  an  hour ;  an  inter 
of  repose  of  uacertaiu  duration  succeeds,  after  whi 
the  same  phenomena  are  repeated.  If  stones  i 
thrown  into  the  mouth  of  the  cavity,  from  wh! 
the  fountain  has  issued,  they  are  ejected  with  v 
lence,  after  a  short  interval,  and  again  jets  of  boili 
water,  vapour,  and  steam  appear  in  successii 
The  eruptions  of  the  "  great  Geyser,"  witnessed 
Sir  G.  S.  Mackenzie,*  were  preceded  by  a  sound  11 
the  distant  discharge  of  heavy  ordnance,  and  t 
ground  shook  sensibly  ;  the  sound  was  rapidly  : 
peated,  when  the  water  in  the  basin,  after  heavi 
several   times,   suddenly  rose  in  a  large    colun 

•  TravelB  in  Iceland,  in  the  summer  of  the  year  1810, 
Sic  George  Sieuart  Mackenzie,  Bart 


rat. 


THE  GEYSEES. 


McoDipun  ed  by  clouds  of  Bteam  to  the  height  of 
l*D  or  twelve  feet  The  column  seemed  to  burst, 
snd  (I'okiDg  down  produced  a  wave,  which  caused 
<tie  nater  to  overflow  the  basin      A  succeasioa  of 


*iglileeii  or  twenty  Jets  now  took  place,  some  of 
"liich  roae  to  a  height  of  fifty  or  sisty  feet.  After 
the  last  eruption,  which  was  the  most  violent)  the 
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water  suddenly  left  the  basin,  and  sunk  into  ^ 
pipe  in  the  centre  to  a  depth  of  ten  feet    After  a 
few  hours  the  eruption  was  repeated ;  the  jets  wowt' 
times  attaining  ninety  feet  in  altitude.     The  bann 
of  the  "  great  Geyser"  is  an  irregular  oval,  aboot 
fifty-six  feet  by  forty- six,  formed  of  a  mound  of 
silicious  depositions  about  seven  feet  high;  the  pipe 
through  which  the  water  is  ejected  being  sixteen 
feet  in  diameter  at  the  opening,  but  contracting  to 
ten  feet  lower  down  ;    its  perpendicular  depth  is 
estimated  at  sixty  feet.     Sir  G.  S.  Mackenzie  has 
proposed  an  ingenious  explanation  of  these  pheno- 
mena, which  the  diagram  in  the  preceding  page  will 
serve  to  illustrate.    It  is  supposed  that  the  water 
from  the  surface  percolates  through  crevices  (Tab. 
13,  a)  into  a  cavity  in  the  rock  (5),  and  heated 
steam,  produced  by  volcanic  agency,  rises  through 
fissures  in  the  lava  (c  c).     The  steam  becomes  in 
part  condensed,  and  the  water  filling  the  lower  part 
of  the  cavity  (d)  is  raised  to  a  boiling  temperature, 
while  steam  under  high  pressure  occupies  the  upper 
part  of  the  chasm.      The  expansive  force  of  the 
steam  becomes  gradually  augmented,  till  at  length 
the  water  is  driven  up  the  fissure  or  pipe  (e),  and  a 
boiling  fountain  with  an  escape  of  vapour  is  pro- 
duced, which  continues  'playing  till  all  the  water 
in  the  reservoir  is  expended,  and  the  steam  itself 
escapes  with  great  violence  till  the  supply  is  ex- 
hausted.* 

•  Travels  in  Iceland,  p.  229. 
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Be  lilicioua  concretions  formed  by  these  springs 
Iftl  mrei'  an  extent  of  four  leaguee;  these  are  specj- 
'Of  the  more  friable  varieties,  preaented  me  by 
Babbage;  M.  Eugene  Robert,  who  has 
fiaited  Iceland,  states  that  this  curious 
I  may  be  seen,  panning  by  insensible  grada- 
l>9Da,  from  a  loose  friable  state,  the  result  of  a  rapid 
d^Kisition,  to  the  most  compact  and  transparent 
fOimes,  in  which  impressions  of  the  leaves  of  the 
fcirch-tree,  and  portions  of  the  stems,  are  distinctly 
p^ceptible,  presenting  the  appearance  of  the  aga- 
tjzed  woods  of  the  West  Indies.  Eushes,  and  vari- 
oi»  kinds  of  mossea  converted  into  a  white  silicious 
rock,  in  which  the  minutest  fibres  are  preserved, 
alio  occur  ;  but  on  the  margin  of  the  Geysers,  from 
the  splashing  of  the  water,  the  depositions  resemble 
Urge  cauliflowers ;  and  on  breaking  these  masses, 
vegetable  impressions  are  often  Jiscovered.  Nume- 
rous thermal  springs  occupy  the  valley  in  the  interior 
of  the  island,  in  the  midst  of  which  the  Geysers  are 
sitaated.  It  is  evident  that  these  waters  arise  from 
deep  crevices,  in  which  they  have  been  heated  by 
volcanic  fires.  The  rivers  proceeding  from  the 
•prings  often  resemble  milk  in  appearance,  owing 
to  the  argillaceous  bole  which  they  take  up  in  their 
passage  among  the  silicious  concretions  ;  sucit  are 
the  white  rivers  of  Olassai.  Mount  Hecla,  like  all 
the  mountains  of  Iceland,  is  entirely  covered  with 
snow,  and  no  smoke  appears  on  its  summit.  Accn- 
mulKtioDB  of  rolled  masses  of  obsidian  and  pumice- 
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stone  form  a  layer  on  the  flanks  of  the  i 
thirty  feet  thick ;  stems  and  branches  of  the  birj 
tree  occur  in  the  midst  of  this  bed ;  they  « 
remaios  of  the  ancient  forests  of  the  island,  -w^j 
the  volcanic  eruptions  have  entirely  extirpated.* 
This  modern  silicious  formation  is  a  fact  of  g 
interest  and  importance.  It  tells  us  in  langui 
that  cannot  be  mistaken,  that  the  most  insolnfl 
and  refractory  substances  may  be  reduced  tol 
liquid  state,  and  a(;ain  become  consolidated,  and 
assume  other  modifications,  merely  by  the  agency 
uf  thermal  waters ;  hence  the  envelopement  of  the 
delicate  corals,  shells,  &c.  which  are  so  abundant  in 
flint  nodules,  is  readily  explained. 

59.  HERTtOBDSIllHE  COfJGLOMEHATE,  OR  PUD- 
DING-STONE.— We  have  before  us  a  collection  of 
conglomerates  formed  by  carbonate  of  lime ;  in 
other  words,  aggregations  of  pebbles,  sand,  shells, 
and  corals,  which  are  cemented  together  by  calca- 
reous spar  and  by  ferruginous  solutions :  but  this 
specimen  is  an  example  of  a  mass  of  rounded  flint 
pebbles,  imbedded  in  a  silicious  paste,  forming  the 
well-known  substance  called  Hertfordshire  pudding- 
stone,  which  was  formerly  in  much  request ;  for  the 
cement,  being  as  hard  and  solid  as  the  pebbles  them- 
selves, the  stones  admit  of  being  cut  and  polished 
by  the  lapidary  into  a  great  diversity  of  ornaments. 
The  formation  of  this  rock  must  have  been  etfected 
by  a  stream  of  silicious  matter  flowing  into  a  bed 
■  Bulletin  de  ]a  Sociite  Gtologique  tie  France. 
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'grayd,  and  converting  some  portions  of  tlie  loose 

to  a  solid  nia&s,  wliile  tlioee  parts  which 

le  liquid  flint  did  not  reach  remained  in  the  state 

Joo«e  water-wom  malerials.     It  is  not  mj  inten- 

this  lecture  to  dwell  on  the  silicifi cation  *  of 

reiaains  of  animals  and  plants ;  it  will  sufHce  to 

rk,  that  in  the  silicilied  woods  from  the  West 

lies  the  most  minute  vegetable  structure  may  be 

delected,  although  the  specimens  will  strike  i&re 

iritfa  steel. 

60.  Effects  of  high  temperature, — The 
(■heooioena  presented  to  our  notice  in  this  investiga- 
tion of  the  Geysers  of  Iceland,  lead  to  the  conside- 
ration of  another  agent  in  the  transmutations  that 
talie  place  in  the  crust  of  the  globe.  It  must  be 
obriDus  to  every  intelligent  mind,  that  beds  of  un- 
connected and  porous  materials  can  have  acquired 
bwdoess  and  solidity  only  by  one  of  the  following 
processes,  namely : — let,  by  matter  dissolved  i 
Ailkit  and  afterwards  deposited  among  the  porous 
llie  manner  just  described;  or,  2dly,  by 
(te  reduction  of  the  materials  by  lieat  into  a  state 
tf  softness  or  fusion,  and  their  subsequent  con 
lion,  by  cooliug,  into  a  solid  mass.-f-  Fire — o 
^leak  more  correctly,  a  high  temperature,  however 
ioduced,  whether  by  electro-magnetic  influence,  01 
proceeding  from  central  or  medial  sources  of  heat— 
and  water,  are  therefore  the  great  agents  by  which 
the  mineral  miutses   composing  the  crust  of 

•  Pelrifaclion  by  flint  +  Flayru'r. 
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planet  have  liecn  and  arc  still  being  modified.    V^MS 
have  already  seen  how  vaat  are  the  changes 
result  from  the  eli'ects  of  water  ;  we  must  now  ti 
a  rapid  survey  of  the  influence  whioh  cfdorio  I 
capable  of  exerting ;  an  influence  far  more  univerM 
and  varied  than  we  may  at  first  he  prepared  to  <j 
pect.     The  expansive  power  which  heat  exerts  tl 
most  substances,   and  its  conversion  of  the  idM 
solid  and  durable  bodies,  first  into  a  fluid,  and  lu 
into  a  gaseous  t^tate,  are  phenomena  bo  famiUarfl 
to  require  no  lengthened  comment.    But  the  eSboVl 
of  heat  are  found  to  vary  according  to  the  ciroum' 
stances  under  which  bodies  are  submitted  to  it* 
operation,  and  hence  the  changes  induced  by  high 
temperature   beneath    great    presHurCi    are    totally 
different  from  those  effected  by  fire  on  the  surfacet 
under  the  ordinary  weight  of  the  atmosphere.     A 
familiar  example  will  serve  to  illustrate  my  meuiiDg. 
Chalk  consists  of  lime  combined  with  carbonic  acid; 
and  as  for  agricultural,  and  other  economical  put' 
poses,  it  is  desirable  to  have  the  lime  in  its  pare 
state,  the  chalk,  or  limestone,  is  exposed  to  a  great 
heat,  in  kilns  erected  in  the  open  air,  until  all  the 
carbonic  acid  gas  is  dissipated,  and  the  stone  is  uid 
to  be  burnt  into  <|uick-lime.   In  tbe  specimens  before 
us,  the  same  substance  is  seen  in  the  state  both  of 
chalk  and  lime.   It  may  readily  be  conceived,  that  If 
this  operation  were  conducted  beneath  such  a  degree 
of  pressure  as  would  prevent  the  escape  of  the  ga», 
the  formation  of  quick-lime  would  not  take  place ; 
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&B  chalk  would  be  fused,  and  the  c&rbonic  acid, 
niessed  from  its  present  relation  with  the  calcareous 
putieles,  would  enter  into  other  combinations,  and 
i  when  cooled,  be  wholly  different  from  the 
of  the   lime-kilns,    formed   by   the  same 
n  the  open  air,     Esperiments  have  proved 
opinion  is  correct.    Sir  James  Hall  exposed 
ptnnded  chalk  to  intense  heat,  under  great  pressure, 
Ud  it  was  fused,  not  into  lime,  but  into  crystalline 
Uirble:  even  the  shells  inclosed  in  the  chalk  under- 
went the  same  transmutation,  yet  preserved  their 
bnns;     That  analogous  changes  have  been  eti'ected 
iij  natural  operations  we  have  abundant  proof;  but 
in  tbis  stage  of  our  inquiiy  it  is  only  necessary  to 
retnark,  that  where  ancient  streams  of  lava  have 
traversed  chalk,  the  latter  invariably  possesses  a 
crystalline  structure.     We  Eball  hereafter  find,  ta 
ueordance  with  the   beautiful   and  philosophical 
(lieory  of  Dr.  Hutton,  that  all  the  strata  have  been 
more  or  less  modified  by  heat,  acting  under  great 
pressure  and  at  various  depths;  and  that  the  present 
position  and  Jirection  of  the  materials  composing 
the  crust  of  the  globe,  have  been  produced  by  the 
Mme  cause.*     The  Huttonian  theory,  indeed,  offers 
a  most  satisfactory  explanation  of  a  great  proportion 
of  geological  phenomena,  enabling  us  to  solve  many 
of  the  most  difficult  problems  in  the  science  ;   and 
it  is  but  an  act  of  justice  to  the  memory  of  an 
m   Theory, 
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illustrious  philosopher,  aod  of  his  able  illuatnta 
Professor  Playfair,  to  state  that  this  theory,  i 
rected  and  elucidated  by  the  light  which  modeil 
discoveries  have  shed  upon  the  physical  history  d 
our  planet,  is  that  embraced  by  the  most  distilrf 
guished  modern  geologisi 

61.  Volcanic  agency.— Of  the  activity  i 
power  of  the  agent  to  which  these  remarks  mW< 
iDimediately  refer,  the  currents  of  melted  I 
called  lavas,  ejected  through  crevices  and  fissur 
of  the  earth,  accompanied  with  evolutions  of  hetl 
and  vapour,  afford  the  most  striking  proofs ; 
the  volcano,  with  its  frequent  concomitant 
earthquake,  have  in  all  ages  excited  the  astonish- 
ment and  curiosity  of  mankind.  It  would  be 
foreign  to  the  design  of  this  discourse,  to  enter 
at  large  upon  the  nature  and  causes  of  volcanic 
action.  Dr.  Daubeny,*  iVTr,  Scrope.f  and  ot^iers, 
have  published  highly  interesting  treatises  on  the 
subject ;  and  Mr.  Lyell  lias  given  an  admirable 
sketch  of  volcanic  phenomena.^  I  will  only  advert 
to  the  increased  temperature  of  the  earth  in  pro- 
portion as  we  descend  from  the  surface  towards 
the  interior,  and  the  profound  depths  from  which 
thermal  waters  take  their  rise,  as  tending  to  support 
the  opinion,  that  volcanic  eruptions  are  occasional . 
by  electro-oliemical  changes,  which  are  consta 


•  Dauheny's  Lectures  Dn  Volcanoes,  1S2S. 
f  Soroprfg  Caniiderations  on  Volcanoes,  18 
t  Principles  of  GeolDgr,TOl.ii. 
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goil^  on  in  the  interior  of  tbe  globe.  Wc  shall 
lerealier  have  occasion  to  demonstrate  that  dislo- 
atioas  of  the  Etrata,  with  elevations  of  the  bottom 
f  of  llie  oceau,  and  eruptions  of  melted  mineral 
nutter,  have  taken  place  from  the  earliest  geolo- 
gical periods  within  tiie  seope  of  our  inquiries. 

S2.  ExPAKsiOM  OF  ROCKS  BY  HEAT. — The  cx- 
puiive  power  of  caloric,  even  in  ordinary  circum- 
•Uucee>  is  very  considerable,  as  is  shown  by  the 
iutrument  called  a  pyrometer,  which  illustrates  a 
fiot  continually  presented  to  our  notice,  namely, 
tie  expansion  of  a  bar  of  metal  by  heat,  and  its 
tontraction,  by  cooling,  into  its  original  dimensions. 
The  expansion  of  solid  bodies  by  heat,  when  effected 
un  a  large  scale,  gives  rise  to  many  interesting 
ptieuoroena.  The  careful  experiments  made  by 
I  Colonel  Totten,  on  the  expansion  of  granite,  marble, 
and  other  rocks,  by  variations  of  temperature,  havf 
[  ghovn  that  the  mere  expansion,  or  contraction,  of 
uteosive  beds  of  these  materials,  will  account  for 
the  elevation  and  subsidence  of  considerable  tracts 
of  country,  and  esplaiu  many  analogous  pheno- 
meua.* 

63.  Temple  op  Jcpitek  Serapis. — One  of  the 
most  interesting  examples  of  local  elevation  and 
lubsidence,  apparently  resulting  from  this  cause,  is 
that  afforded  by  the  celebrated  remains  of  the 
temple  of  Jupiter  Serapis,  at  Puzzuoli ;  and  which 
Mr.  Lyell,  by  selecting  as  the  subject  of  the  frontis. 
*  American  Journal  of  Soience,  voL  xiii. 
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piece  of  his  invaluable  work,  haa  for  ever  associtteil 
with  the  Principles  of  Geology. 


J 


Theee  ruins  are  situated  on  the  sliore  of  the  I 
of  BaJEe,  and  consttit  of  the  remaius  of  a  1 
building  of  a  quadrangular  form,  seventy  feet 
diameter  ;    the  roof  of  which    was  supported  ) 
twenty-four  granite  columns,    and  lwenty-twO'1 
marble,  each  formed  of  a  single  stone.     Manyfl 
the  pillars  are  broken  and  strewed  about  the  pB.v4 
ment,  but  three  remaitt  standiug  nearly  erect,  i 


n  thtK  are  inscriptions,  not  traced  by  the  Greek* 
orRamaat,  but  by  some  of  the  simplest  forms  at 
laimsi  esistence,  which  have  here  left  enduring 
words  of  the  physical  changes  that  have  taken  place 

0  tiese  shores,  Bince  man  erected  the  temple  in 
onour  of  his  gods.  The  tallest  column  is  forty-two 
let  in  height;   its  surface  is  smooth  and  uninjured 

1  an  eleyation  of  about  twelve  feet  from  the  pede- 
al,  where  a  band  of  perforations  made  by  a  species 

marine  boring  muscle  (Modiola  lidiopkaija)  com- 
ences,  and  extends  to  the  height  of  nine  feet, 
ove  which  all  traces  of  their  ravages  disappear.* 
te  perforationa,  many  of  which  still  contain  shells, 
!  of  a  pear  shape,  and  are  so  numerous  and  deep 

to  prove  untjuestionably  that  the  pillars  were 
merseii  in  sea-water,  at  the  very  time  when  the 
le  and  lower  portions  were  protected  by  rubbish 
1  tufa;  and  that  the  upper  parts  projected  above 
:  waters,  and  consequently  were  placed  beyond 
(  reach  of  the  litkodomi.^  The  platform  of  the 
aple  is  now  about  one  foot  below  high-water 
irk;  and  the  sea,  which  is  only  forty  yards  dis- 
it,  penetrates  the  intervening  soil.  The  upper 
rt  of  the  band  of  perforations  is  therefore  at  least 
enty-three  feet  above  the  level  of  the  sea;  and 
it  it  is  evident  that  the  columns  were  once  plunged 

salt  water  for  a  long  period.  It  is  equally  clear 
lat  they  have  since  been  elevated  to  a  height  of 

■  See  Appendix  F. 

f  LWmdtvii,  [com  Hikot,  stone,  and  dcma,  lo  liuilil- 
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tweuty- three  feet,  still  maintaining  their  erect  pi 
tion,  amid  the  extraordinary  changes  which  tl 
have  undergone,  and  Incontrovertibly  proving  tl 
the  relative  level  of  the  land  and  sea,  on  that  p 
of  the  coast,  ha^  chauged  more  than  once  since  tf 
christian  era ;  each  movement,  both  of  aubsido) 
and  elevation,  having  esoeeded  twenty  feet.*  X4 
there,  at  the  present  moment,  are  the  reinains^r 
that  temple — 

"  Whoie  lonely  columns  stand  aublime,' 
Flinging  their  shadows  from  on  high. 
Like  dials,  wliiuh  the  wizard  Time 
Hvl  raised  to  count  his  ages  by  !  "  f 

Professor  Babhage  attributes  the  tranquil  eleva- 
tion and  depression  of  the  temple,  to  the  contraction 
aud  expansion  of  the  strata  on  which  it  was  built. 
The  sources  of  volcanic  action  in  the  Gurroui)< 
country  are  very  numerous,  and  a  hot  spring 
exists  on  the  land-side  of  the  ruins.     The  change 
level  is  therefore  easily  accounted  for,  by  supposi 
the  temple  to  have  been  built  on  the  surface  wl 
the  rocks  were  expanded  by  the  effects  of  a  fai 
temperature,  aud  that  they  subsequently  conti 
by  slow  refrigeration.      When  this  contraction 
reached  a  certain  point,  a  fresh  accession  of 
from  the  neighbouring  volcano  increased  the  ti 
perature  of  the  strata;    which  again  expanded 
raised  the  ruins  to  their  present  level,  j; 

"  Principles  of  Geology,  tol.  li.  p.  268. 
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:  IMr.  Babbage  carries  out  these  views  to  explain 

the  eknration  of  continents  and  mountain  ranges, 

MmmiDg  the  following  fa<;ts  as  the  basis  of  hb 

tlttory^^ 

•   lat*  As  we  descend  below  the  surface  of  the 

earthy  the  temperature  increases. 

-   2dlj.   Solid  rocks  expand  by  being  heated,  but 

day  and  some  other  substances  contract. 

ScUy.  Rocks  and  strata  of  dissimilar  characters 
present  a  corresponding  difference  as  conductors  of 
caloric. 

4thly.  The  radiation  of  heat  from  the  earth  varies 
in  different  parts  of  its  surface ;  according  as  it  is 
covered  by  forests,  mountains,  deserts,  or  water. ' 

5tlily.  Existing  atmospheric  agents,  and  other 
caxmeBf  are  constantly  changing  the  conditic/n  of  the 
surfkce  of  the  globe. 

Thus  wherever  a  sea  or  lake  is  filled  up  by  the 
wearing  down  of  the  adjacent  lands,  new  beds  are 
formed,  conducting  heat  much  less  quickly  than  the 
water;  while  the  radiation  from  the  surface  of  the 
new  land  will  also  be  different.  Hence,  any  source 
of  caloric,  whether  partial  or  central,  which  pre- 
viously existed  below  that  sea,  must  increase  the 
temperature  of  the  strata  underneath  to  a  much 
higiier  degree  than  before,  because  they  are  now 
protected  by  a  bad  conductor;*  and  their  expansion 

*  Sir  John  Herschel  observes,  that  this  process  is  precisely 
similar  to  that  by  which  a  great  coat,  in  a  wintry  day,  increases 
the  feeling  ^f  wamUh ;  the  flow  of  heat  outwards  being  ob- 

H 
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must  therefore  elevate  the  newly-formed  depottti 
above  their  former  level ; — thus  the  bottom  of  ni 
ocean  may  become  a  continent    The  whole  et- 

pansion,  however,  resulting  from  the  altered  oi^ 
cumstances,  may  not  take  place  until  long  afler  the 
filling  up  of  the  sea ;  in  which  case  its  convefsion 
into  dry  land  will  result  partly  from  the  accoma- 
lation  of  detritus,  and  partly  from  the  elevation  of 
the  bottom.   As  the  heat  now  penetrates  the  neidy- 
formed  strata,  a  different  action  may  be  induced; 
the  beds  of  clay  or  sand  may  become  consolidated, 
and  instead  of  expanding,  may  contract.     In  this 
case,  either  large  depressions  will  occur  within  the 
limits  of  the  new  continent,  or  after  another  in- 
terval, the  new  land  may  again  subside,  and  form  a 
shallow  sea.     This  sea  may  be  again  filled  up  by  a 
repetition  of  the  same  processes  as  before; — and 
thus  alternations  of  marine  and  fresh-water  deposits 
may  occur,  having  interposed  between  them  the 
productions  of  the  dry  land.* 

To  review  the  physical  changes  which  are  still 
taking  place  around  the  Bay  of  Naples  would  prove 
highly  interesting,  but  my  limits  will  only  permit 
me  to  observe,  that  whole  mountains  have  been 
elevated  on  the  one  hand,  and  temples  and  palaces 
have  sunk  beneath  the  sea  on  the  other.     In  our 

stnicted,  and  the  surface  of  congelation  removed  to  a  distance 
from  the  body,  by  the  heat  thereby  accumulated  beneath  the 
new  covering. 
*  Proceedings  of  the  Geological  Society,  March  1834. 
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iister  island  we  have  evidence  of  former  cliaogea 
ef  a  like  nature,  and  which  are  alluded  to  by  our 
inimitable  Ipic  poet,  in  the  following  beautiful 
^es: — 

F  On  Lough  Neigh's  hanks  is  the  Giherman  stnijs, 

W  When  the  cleoi  cold  eve's  declining. 

He  Gees  the  round  towers  of  other  days, 
I  In  the  wave  beneath  him  shining  I 

Thns  shall  memory  oSten,  in  dfeams  luhlime, 
I  Catch  a  glimpse  of  the  days  that  are  over  i 

|l  Thus,  sighing,  look  through  the  waves  of  time 

['  For  the  long  faded  glories  they  corer! 

j,    6*.  Elevation  of  the  coast  of  Chili. — One 
C«f  ^e  most  remarkable  modern  instances  of  the 
l«ler(ttion.  of  an  extensive  tract  of  country,  is  that 
jaecOTded  by  Mrs.  Maria  Graham,*  as  having  been 
Introduced    by    the    memorable    earthquake    which 
||iri£ited  Chili  in  1822,  and  continued  at  short  ii 
[[terrals  till  the  end  of  1823.     The  Bhocks  were  it 
I  through  a  space  of  1 ,200  miles,  from  north  to  souL 
Lit  Valparaiso,  on    the  morning  of  the   20th   of 
Ellovember,  it  appeared  that  the  whole  line  of  coast 
Jiad  been  raised  above  its  level ;   an  old  wreck  of  a 
^Ahip,  which  could  not  previously  be  approached, 
[vas  now  accessible  from  the  land;    and  beds  of 
ycallops  were   brought   to  light,  wliieh  i 
before  known  to  exist.     "  When  I  went  to 
'the  coast,"  says  Mrs.  Graham,  "  although  it  i 
''ligh- water,  I  found  the  ancient  bed  of  the  sea  I 
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bare  and  dry,  with  oysters,  muBcles,  and  ol 
shells,  adhering  to  the  rocks  on  whicb  they 
the  iisb  being  all  dead,  and  exhaling  the  most 
fensive  effluvia.  It  appeared  to  me,  that  there 
every  reason  to  believe  tlic  coast  had  beea  raised 
by  eartli<]uake9  at  former  periods,  Id  a  similar 
manner;  for  there  were  several  lines  of  beach, 
consisting  of  shingle  mixed  with  shells,  extending 
in  parallel  lines  to  the  shore,  to  the  height  of  fifty 
feet  above  the  sea,"*  Part  of  the  coast  thus 
elevated  consists  of  granite  ;  and  subsequent  ob- 
servations have  proved  that  the  whole  of  the  country 
was  raised,  from  the  foot  of  the  Andes  to  far  out 
at  sea;  the  supposed  area  over  which  the  elevatory 
movements  extended,  being  about  100,000  square 
miles ;  a  space  equal  in  extent  to  half  the  kingdom 
of  France,  Mrs.  Somerville  mentions,  that  a  further 
elevation  to  a  considerable  extent  has  also  taken 
place  along  the  Chilian  coast,  in  conserjuence  of 
the  violent  earthquake  of  1835. 

()5.  Lifted  sea  beach  at  Bhiohtom.  — Ex- 
amples of  such  changes  occur  in  almost  every  part 
of  the  world ;  and  there  is  perhaps  no  considerable 
extent  of  country  which  does  not  afford  some  proof 
that  similar  physical  mutations  have  taken  place  in 
modern  times.  And  although  I  cannot  point  out 
to  you  a  temple  of  Serapis  on  our  shores,  yet  wlthia' 
a  few  hundred  yards  of  Brighton,  there  is  un-' 
ijuestionablfi  evidence  that  the  relative  level  of  lakcl"' 
■  Geological  Truitactioiis,  vol,  i,  second 
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tn^t  sea,  luui  undergone  great  changes  within,  to 
lipeak  geologically)  a  comparatively  recent  period. 
The  upper  part  of  tbe  cliffs,  extending  from  the 
commencement  of  the  low  range  by  Shoreham, 
is  composed  of  chalk  with  rubble, 
|Snts  slightly  rolled,  aud  clay  and  loam  ;  the  whole 
^lelag  clearly  an  accumulation  of  water-worn  mate> 
'rials,  deposited  in  an  estuary  or  bay  of  the  sea. 
iTte  base  of  the  cliffs,  to  the  height  of  a  few  feet, 
I  is  composed  of  the  solid  chalk,  which  may  be  seen 
It  low  water  extending  far  out  to  sea,  and  is  covered 
lye  and  there  by  shingle  and  sand.  Between  the 
chalk  and  the  superincumbent  mass  just  described, 
ii  a  bed  of  shingle,  composed  of  rolled  chalk,  flints, 
pebbles,  and  sand,  with  boulders  of  granite,  por- 
phyry, and  other  rocks,  not  now  met  with  on  those 
■bores ;  in  fact,  an  ancient  sea  beach,  formed  at 
Kune  remote  epoch,  in  like  manner  as  the  present 
bed  of  shingle,  which  skirts  the  base  of  the  cliffs, 
li  in  the  progress  of  formation.  Among  the  pebbles 
of  this  ancient  beach,  are  rolled  masses  of  chalk 
ud  limestone,  which  are  full  of  perforations  made 
by  boring  shells ;  here  are  several  specimens,  which 
ire  similar  to  those  made  in  the  chalk-rock  by 
Ifae  recent  pliolades  and  mytili.  As  I  shall  have 
Iwcasion  to  revert  to  these  cliffs  in  the  next  lecture, 
tbis  brief  description  will  suffice  for  our  present 
^rpose. 

.  The  following  diagram  represents  a  natural  ver- 
Iwl  section   of  the  cliffs,  as  seen  in  those  parts 
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where  the  inroads  of  the  sea  have  extended  to  the 
chalk  strata^  and  the  face  of  the  ancient  cliiF  is 


Tab.  15.— Elxtatsd  bsach  at  Bbiohtov,  iast  ov  Kbkp  Towv. 
A,  Slephant  bed ;  B,  ancient  bed  ofthingUs  C,  ike  dUrft. 

exposed^  the  new  deposits  being  shown  in  profile ; 
these  consist  of  the  following  beds: — 

1.  (a)  Chalk,  rubble,  loam,  &c.,  obscurdy 
stratified;  this  deposit,  from  its  containing  teeth 
and  bones  of  elephants,  is  called  the  Elephant- 
bed  ;  it  constitutes  the  upper  three-fourths  of  the 
clitic. 

2.  (b)  Shingle,  or  sea  beach  and  sand,  many 
feet  above  high-water  mark.  This  ancient  shingle, 
which  from  the  inroads  of  the  sea  extends  in  the 
cliffs  beyond  Kemp  Town  but  a  short  distance 
inland,  is  constantly  found  beneath  the  loam  and 
clay,  several  hundred  yards  from  the  shore  in  the 
western  part  of  Brighton,  In  a  well  lately  dog  in 
the  Western  road,  the  shingle  bed  was  reached  at 
the  depth  of  fifty-four  feet. 
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.  (c)  The  undiflturbed  chalk,  which  forms  a 
di^bg  cliff,  inland,  or  behind  the  beds  (a  )  and  (b), 
I  UDder  the  ancient  sea  beach,  and  appears  as 
'  terrace  at  the  foot  of  the  present  cliffs,* 

Theee  appearances  demonstrate  the  following 
Kqaenee  of  changes  in  the  relative  level  of  the 
i  and  sea  on  the  Sussex  shores: — 
First.  The  chalk  terrace  on  which  the  ancient 
Single  rests,  was  on  a  level  with  the  sea  for  a  long 
period;  and  the  beach  was  formed,  like  the  modem 
beach,  by  the  action  of  the  waves  on  the  then  ex- 
isting cliffs.  The  rolled  condition  of  the  materials, 
and  the  borings  of  the  lithodomi,  prove  a  change  of 
level  aa  decidedly  as  do  the  perforations  in  the 
Golumna  of  the  temple  of  Serapis. 

Seeondli/.  The  whole  line  of  coast,  with  the 
■bii^Ie  (b),  was  submerged  to  such  a  depth,  as  to 
admit  the  deposition  of  the  strata  (a)  above  them. 
Lastly.  The  cliffs  were  raised  to  their  present 
elevation,  and  at  this  period  the  formation  of  the 
existing  sea  beach  commenced. 

The  elevation  of  the  sea-shore  with  beds  of  marine 
iLellB,  already  alluded  to  as  having  been  produced 
hy  earthquakes  on  the  Chilian  coast,  has  here  then 
1  parallel.  A  phenomenon  of  a  like  nature,  but  of 
a  far  inore  ancient  period,  is  observable  at  Castle 
Hill,  near  Newhaven,  about  eight  miles  east  of 
Brighton,  where  is  eeen  immediately  beneath  the 
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ttirf,  Et  regular  sea  beach  with  beds  of  oyster-shelhi 
many  feet  in  thickness,  tying  on  the  aummit  of  I 
chalk  clifia,  150  feet  ubove  the  level  of  the  s 
Near  Bromley,  in  Kent,  and  at  Reading,  in  Ba 
shire,  similar  accumulations  of  beach  aud  ojst 
shells  are  to  be  found.  Elevated  ehingles, 
comparatively  recent  epochs,  occur  on  the  sho 
of  the  Frith  of  Forth,  aud  also  along  the  wesb 
coasLi  of  England,  as  Mr.  Murchison  has  sal 
factorily  demonstrated, 

66.   Elevatcon   of   Scandinavia.  —  Hkt. 
thus  adduced  a  few  striking  proofs  of  the  mutatii 
which  the  land  has  undergone  in  past  times,  we  i 
led  to  enquire — -Is  this  change  still  going  on  ? 
the  alternate  subsidence  and  elevation  of  the  U 
the  effect  of  a  law  of  nature,  established  from 
existence  of  the  present  condition  of  our  plai 
and  destined  to  continue  in  action  while  its  physidi 
constitution  remains  the  same  ?    We  shall 
find,  that  this  law  has  been  in  constant  action  fnt 
the  earliest  periods  of  the  earth's  history,  of  whii 
her  physical  monuments  afford  any  indications;  U 
I  now  proceed  to  adduce  an  instance  in  which  tl 
elevation    of  a   whole    country   is   actually   takin 
place,  unheeded  by  the  busy  multitude,  and  knoi 
only  by  the  researches  of  the  natural  philosophe 
I  allude  to  Scandinavia,  which,  it  is  ascertained) 
slowly  and  visibly  rising,  frou)  Frederickshall,  kii 
Sweden,  to  Abo,  in  Finland,  and  even,  perhaps,  a 
far  as  St,  Petersburgh ;  while  the  adjacent  coast  of ' 
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iGreeuland  is  sutfering  a  gradu&l  depresaion.  The 
ttate,  therefore,  is  oue  of  oscillation,  the  waters 
appearing  lo  sink  at  Torueo,  and  to  retain  [heir 
Jbrmcir  level  at  Copenliagen.  The  opinion  that 
Sweden  is  in  thi$  state  of  change,  is  no  new  idea  ; 
jt  was  long  since  noticed  by  Celsius,*  and  other 
Swediuii  pbiloaophers.  Mr.  Lyell  has  twice  viaited 
^candinavia  within  the  last  few  years,  with  the  view 
pt  determining  this  interesting  question ;  and  has 
fully  coDTiQced  himself  that  certain  parts  of  Sweden 
fie  undergoing  a  gradual  rise,  to  the  amount  of 
Jwo  or  three  feet  in  a  century ;  while  other  parts, 
^forther  to  the  south,  appear  to  have  experienced  no 
^IBOvement.f  He  visited  some  parts  of  the  shores 
:of  the  Bothnian  Gulf,  between  Stockholm  and  Gefle, 
[and  of  the  western  coasts  of  Sweden,  dbtricta  par- 
ticularly alluded  to  by  Celsius.  He  examined  the 
jlnarks  cut  by  the  Swedish  pilots,  under  the  direc- 
tion of  the  Swedish  Academy  of  Sciences,  in  1820, 
Bud  found  the  level  of  the  Baltic,  in  calm  weather, 
to  be  several  itiches  lower  than  the  marks,  and 
•everal  feet  below  those  made  seventy  or  a  hundred 
years  ago.  Similar  results  were  obtained  on  the 
ocean,  and  in  both  districts  the  testi- 
:v>ony  of  the  inhabitants  agreed  with  that  of  their 
ancestorsi  recorded  by  Celsius.  On  the  shores  of 
i|fae  Northern  Sea,  there  arc  banks  of  recent  shells, 

ntnitrations  of  the  Huttonisn  Theotif,  p.  436,  edit.  1S22. 
t  FliikHophicol  TruiBoctioTig.  Principlea  of  Oeologj,  Fidh 
p.  asfi. 
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at  various  heights,  from  10  to  200  feet,  and  o 
side  of  the  Bothnian  Gulf,  between  Stockholm  J 
GeAe,  deposits  containing  fossil  sheila  of  the  bj 
which  now  inhabit  the  brackish  waters  of  that. 
These  occur  at  various  elevations,  from  i 
hundred  feet,  and  somctinies  extend  fifty  i 
inland.  The  shells  are  partly  marine  aud  parti]' 
fluviatile ;  the  marine  species  are  identical  witli 
those  ROW  living  in  the  ocean,  but  are  dwarfish  in 
size,  and  never  attain  the  average  dimensions  of 
thos«  which  live  in  water  sufficiently  salt  to  enable 
them  to  reach  their  full  development.  The  speci- 
mens  before  you  were  collected  by  Mr.  Lyell  tt 
Uddevalla,  in  Sweden,  from  the  summit  of  c\Hb 
twenty  feet  above  the  level  of  tlie  sea  i  they  consist 
of  recent  marine  species,  such  as  inhabit  the  neigli- 
bouring  waters. 

Of  the  reality  of  these  clianges  in  the  relatire 
level  of  the  land  and  of  the  Northern  ocean,  theie 
cannot  exiat  a  doubt;  but  the  mind  is  ho  accus- 
tomed to  associate  the  idea  of  stability  with  the 
land,  and  of  mutability  with  the  sea,  that  it  may 
be  necessary  to  offer  a  few  additional  remarks  on 
these  highly  interesting  facts.  As  it  is  the  property 
of  all  fluids  to  find  their  own  level,  it  is  obvious 
that  if  the  level  of  the  sea  be  elevated  or  depressed 
in  any  one  part,  that  elevation  or  depression  must 
influence  the  whole  surface  of  the  ocean,  and  the 
level  therefore  cannot  be  affected  by  local  causes. 
But  movements  of  the  land  may  take  place,  and 
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flie  eSbct  extend  over  whole  countries,  as  in  South 
l&merica, — or  along  lines  of  coast,  aa  in  Sussex, — 
hr  be  confined  to  a.  single  ialand, — or  even  to  the 
broken  columns  of  a  temple,  as  at  Puzzuoli,"  But 
[  vhile  the  land  is  rising  in  the  more  northern  lali- 
I  tndes,  it  appears  to  be  sinking  on  the  shores  of  the 
Mediterranean.  Breislak  mentions  f  that  numerous 
I  ifmams  of  buildings  are  to  be  seen  in  the  Gulf  of 
'  Vslw  i  ten  columns  of  granite,  at  the  foot  of  Monte 
Nuovo,  are  nearly  covered  by  the  sea,  as  are  the 
hiins  of  a  palace  built  by  Tiberius  in  the  island  of 
'Caprea.  Thus,  while  the  level  of  the  sea  is  becoming 
'  fewer  in  the  north,  it  is  Tising  in  the  Mediterranean ; 
'and  as  all  the  parts  of  the  ocean  communieate,  the 
■ea  cannot  permanently  rise  in  one  part  and  sink 
'in  another,  but  must  rise  and  fall  equally  to  main- 
taiu  its  level ;  we  must  therefore  consider  it  as 
xlemonstrated,  that  these  changes  have  proceeded 
'from  the  elevation  and  depression  of  the  land.  If 
Ve  bear  in  mind  the  insignificance  of  the  masses 
I  tSeCteA  by  these  operations,  as  contrasted  with  the 
dearth  itself  (see  page  14),  we  may  readily  conceive 
''that  as  fissures  and  inequalities  are  produced  in  the 
''vBrnish  of  an  artificial  globe  by  beat  and  cold,  in 
Irtlke  manner  the  elevation  of  mountain  chains,  the 
'Vending  of  extensive  tracts  of  country,  and  the  aub- 
'iidence  of  whole  continents,  may  be  occasioned  by 
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the  expftnsion  and  contraction  of  the  materiab  of 
which  our  planet  is  constructed. 

67.  Retrospect. — In  this  imperfect  sketch  of 
the  geological  phenomena,  which  a  superficial  ex« 
amination  of  the  surface  of  the  globe  presents  to 
our  notice,  I  have  doubtless  dwelt  on  several  sab-' 
jects  which  are  familiar  to  many  of  my  aaditon. 
But,  as  one  of  our  ablest  geologists  *  has  remarked^ 
*^  the  teacher  of  Geology  must  suppose   hinuelf 
called  on  to  answer  questions  both  concerning  the 
facts  of  the  science  and  the  inferences  to  be  deduced 
therefrom ;  and  his  instructions  will  be  so  mach  the 
more  successful  as  he  takes  these  questions  in  the 
most  natural  order  of  their  occurrence,  and  answers 
them  most  completely  and  satisfactorily.     In  doing 
this  he  is  not  at  liberty  to  neglect  even  elementary 
truths,  for  if  these  were  passed  over  in  compliment 
to  such  as  have  made  progress  in  the  science,  those 
for  whose   advantage   he  is  especially  interested, 
would  be  called  to  the  unreasonable  task  of  labour- 
ing without  instruments,  and  of  theorizing  without 
intelligible  data." 

From  the  vast  field  of  inquiry  over  which  our 
observations  have  extended,  it  may  be  useful  to 
ofier  a  brief  summary  of  the  leading  principles  that 
have  been  enunciated,  and  the  facts  on  which  they 
are  founded.  By  the  most  profound  and  sublime 
investigations  of  which  the  human  mind  is  capable, 
we  learn   that    our    earth  is   one   of  myriads  of 

*  Professor  Phillips. 
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spherical  bodies,  revolvipg  rouad  certain  luminaries  ; 
and  that  these  bodies  occur  in  every  variety  of  con- 
dition, from  that  of  a  diffuse  luminous  vapour,  to 
opaque  solid  globes  like  our  own.  AH  the  mate- 
riab  of  which  the  earth  is  composed  may  exist 
either  in  a  solid,  fluid,  or  gaseous  state ;  and  simply 
by  a  change  of  temperature,  or  by  electro- chemical 
agency,  every  substance  may  undergo  a  transition 
from  one  state  to  the  other.  Water  existing  as  ice, 
fiuid,  or  vapour,  and  separable  into  two  invisible 
gases,  offers  a  familiar  example  of  a  body  constantly 
exhibiting  these  changes ;  and  mercury,  of  a  metal 
which,  although  generally  fluid,  or  melted,  becomes, 
when  exposed  to  a  very  low  temperature,  a  solid 
mass  like  silver.  The  relative  posiiion  of  land  and 
water,  and  the  inequalities  on  the  surface  of  the 
eitrth,  are  subject  to  constant  changes,  which  are 
regulated  by  certain  fixed  laws.  The  principal 
causes  of  the  degradation  of  the  land  are  atmo- 
spheric agencies,  variations  of  temperature,  and  the 
action  of  running  water,  by  which  the  disintegrated 
materials  of  the  land  are  carried  into  the  bed  of  the 
ocean.  The  mud,  sand,  and  other  detritus  thus 
pruduced,  are  consolidated  by  certain  chemical 
changes  which  are  in  constant  activity,  both  on  the 
land  and  in  the  depths  of  the  ocean,  and  new  rocks 
are  thus  in  the  progress  of  formation.  But  the 
CoQJoint  effect  of  these  disintegrating  agencies  is 
unremitting  destruction  of  the  land ;  and  were  there 
no  conservative  process,  the  whole  of  the  dry  land 
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would  disappear,  and  the  earth  be  coreced  by  oa^^ 
vast  sheet  of  water.  The  globe,  however,  poiieav 
an  internal  source  of  heat, — and  whether  this  hat 
exist  as  a  central  nucleus  of  high  temperature^  or  is 
medial  foci,— whether  it  be  dependent  on  the  flWHimd 
original  nebulous  state  of  the  earth,  or  prodnml 
bj  electro-magnetic  forces  acting  on  the  suncnl 
substances  contained  in  the  interior  of  onr  planet,— 
does  not  affect  the  present  inquiry.  This  intenttl 
heat,  however  produced,  must  occasion  con^tut 
changes  in  the  relative  level  of  the  land  and  water; 
elevating  whole  continents, — converting  the  bed  of 
the  sea  into  dryland, — and  submerging  the  diy 
land  into  the  abyss  of  the  ocean.  The  volcano  and 
the  earthquake  are  the  effects  of  its  paroxysmal 
energies, — the  quiet  and  insensible  elevation  of  the 
land,  of  its  slow  but  certain  operation.  By  thb 
antagonist  power  the  accumulation  of  the  spoib  of 
the  land,  which  the  rivers,  waves,  and  currents 
have  carried  into  the  bed  of  the  ocean,  are  again 
brought  to  the  surface,  and  form  the  elements  of 
new  islands  and  continents  ;  and  by  the  organic 
remains  discovered  in  these  strata,  we  trace  the 
nature  of  the  countries  from  whence  these  ^ils 
were  derived.  In  the  deltas  and  estuaries  of  modern 
times, — in  the  detritus  accumulating  in  the  beds  of 
the  ocean, — in  the  recent  tracts  of  limestone  form- 
ing on  the  sea-shores, — beneath  the  cooled  lava 
currents  erupted  from  existing  volcanoes, — the  re- 
mains of  man  and  of  his  works,  and  of  the  animab 
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|nd  plants  wtiich  are  his  contemporarieB,  are  found 

Wbedded. 

The  dynamical  effects  of  elevation  appear  to  be 
Teffrable  to  three  great  divisions: — 1.  Tlie  gradaal 
Busing  up  of  ridges  tlirougli  large  spacea  of  the 
Urth's  crust,  and  the  consequent  production  of 
longitudinal  flasures  and  lines  of  volcanic  vent. 
%  The  long  continued  protrusion  and  eruption  of 

R rocks  along  such  lines  of  vent ;  and  3.  Local 
tial  eruptions  and  protrusions,  producing 
f  elevation,  dislocations  of  the  strata,  and 
enomeiia  that  terminate  in  ordinary  volcanic 

Bnoh  are  the  deductions  derived  from  the  phe- 
»mena  which  have  been  submitted  to  our  cxami- 

To  the  mind  previously  uninstructed  in  geological 
•cieace,  I  am  ready  to  acknowledge  that  to  attribute 
nntability  to  the  rocks  and  the  mountains,  must 
^Jpear  as  startling  and  incredible,  as  did  the  aatro- 
Bomical  doctrines  of  Galileo  to  the  people  of  his 
Hne,  But  the  intelligent  observer,  whose  atteo- 
Siu  has  been  directed  to  the  facts  laid  before  him 

in  this  brief  survey,  cannot,  I  conceive,  refuse 
Ilia  assent  to  the  inferences  thus  cautiously  obtained. 

e  proceed  in  our  investigation,  we  shall  find 

Ibat  from  the  earliest  period  of  the  earth's  physical 

history,  its  surface  has  been  subject  to  incessant 

Buctaation ;  and  as  the  land  has  been  the  theatre 

*  Pcoceedinga  a!  the  Geological  Society,  vol.  ii.  p.  67. 
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(^  perpetual  mutation,  that  demeaty  wlikL  hm 
hitherto  been  considered  as  the  tjfe  of  nmtaUBtjj 
ean  alone  be  r^^arded  as  having  nndeigoiie  no 
change.  This  idea  is  finely  embodied  bj  Lorf 
B  jron  in  the  following  sublime  apostrophe  to  ibe 
Ocean,  with  which  I  will  eonolnde  this  disoomse.  ; 

'*  Thy  shorw  are  empiret,  changed  in  aH  tsfe  ilhm^^  . 
Aasyria,  Greece,  Rome,  Carriage,  what  art  thcf  r   -, 
Thy  wateri  wasted  them  while  they  were  free. 
And  many  a  tyrant  since ;  their  ahoiei  obey       •     ^ 
.    The  stranger,  slaTe,  or  savage ;  tiieir  deeay     -     \  '^ 
Has  dried  up  realms  to  deserts : — not  so  thmit .   .     r 
TJnchangeable,  save  to  thy  wild  waves'  play— >      .  -. 
IVtie  writei  no  wrinkle  on  thine  azure  hrew — 
^^iuhQ$CreatMidaemkek0U,ikour$Ueetmmf^       '""^ 
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31.  Eon.:  »> 

].  Ihtroductory  observations, — In  the  pre- 
«iouB  lecture  we  took  a  comprehensive  view  of 
the  ftctu&l  physical  condition  of  tbe  surface  of  our 
^anet,  and  of  the  nature  and  results  of  the  prin- 
cipal agents  by  which  the  land  is  disintegrated  and 
lenewed.  We  found  in  the  modern  fluviatile  and 
Marine  deposits,  that  the  remains  of  man,  of  works 
pi  art,  and  of  the  existing  races  of  aniraals,  were 
^^ervedi  In  every  step  of  our  progress,  the  grand 
law  of  nature,  alternate  decay  and  renovation,  was 
^emplified  in  striking  ciiaracters — whether  in  the 
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regions  or  eternal  snon,  or  in  torrid  climes — in 
rocks  and  mountains,  or  in  the  verdajit  plains- 
the  agency  of  heat,  or  by  t)ie  eiFect  of  cold- 
drought,  or  of  moisture — of  steam,  or  of  yapoup- 
by  the  abrasion  of  torrents  and  rivers — by  ii 
tions  of  the  ocean — oi-  by  volcanic  eruptio 
tlie  work  of  deatruction,  in  every  varying  characb 
was  apparent.  And  on  the  other  hand  we  perceiVB 
that  amidst  all  these  processes  of  decay  and  dea 
lation,  perpetual  renovation  was  at  the  same  t 
going  on,-^and  that  Nature  was  repairing  her  ruin 
and  accumulating  fresh  materials  for  new 
and  continents  j  and  that  innumerable  liv 
stFuments  were  employed  to  consolidate,  and  bnild 
up  the  rocky  fabric  uf  the  earth  ;  and  that  even  the 
most  terrific  of  physical  phenomena,  the  earthquake, 
and  the  volcEino,  were  but  salutary  provisions  of  the 
Supreme  Cause,  by  which  the  harmony  and  integrity 
of  our  planet  were  maintained  and  perpetuated. 
The  occurrence  of  human  skeletons  in  modern 
limestone — of  coins  and  works  of  art  in  recent 
breccia — and  the  preservation  of  the  bones  of  ex- 
isting species  of  animals,  and  of  the  leaves  and 
branches  of  vegetables,  in  the  various  deposits  that 
are  in  progress,  incontestably  prove  that  enduring 
memorials  of  tlie  present  state  of  animated  natnra 
will  be  transmitted  to  future  ages.  When  the  beds 
of  the  existing  seas  shall  be  elevated  above  the 
waters,  and  covered  with  woods  and  forests — when 
the  deltas  of  our  rivers  shall  be  converted   into 
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I  ftttile  tracts,  and  become  the  sites  of  towns  and 
e  cannot  doubt  that  in  the  materials,  ex- 
I  (noted  for  their  edifices,  the  then  existing  races  of 
i  Unkind  will  discover  indelible  records  of  the  phy- 
tory  of  our  times,  long  after  all  traces  of 
3U3  works,  upon  which  we  vainly 
;  to  confer  immortality,  sliojl  have  disap- 
Bnt  we  must  now  proceed,  and  pass  from 
Ibt epliemeral  productions  of  roan,  to  the  enduring 
numaments  of  nature — from  the  coins  of  brass  and 
Bilver,  to  the  imperishable  medals  on  which  the  past 
events  of  the  globe  are  inscribed — from  the  moulder- 
ing ruins  of  temples  and  palaces,  to  the  examination 
of  the  mighty  relics,  which  the  ancient  revolutions 
o!  the  earth  have  entombed. 

,  Ektinctios  of  animals.— Before  entering 
upon  the  consideration  of  the  geological  jihenomena, 
which  belong  to  the  period  immediately  antecedent 
to  the  present,  it  will  be  necessary  to  notice  one  of 
tbe  most  remarkable  facts  which  geological  inves- 
IJ^tions  have  eBtablished,~~namely,  the  entire  ob- 
lileration  of  certain  genera  of  animals  and  plants. 
The  fluctuating  state  of  the  earth's  surface,  with 
nUch  our  previous  inquiries  have  made  us  familiar, 
will  have  prepared  us  for  the  disappearance  of  some 
■peciee  of  animals ; — and  here  another  law  of  the 
Creator  is  manifest.  Certain  races  of  living  beings, 
suitable  to  peculiar  conditions  of  the  earth,  appear 
to  have  been  created;  and  when  those  states  became 
no  longer  favourable  for  the  continuance  of  such 
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types  of  organization,  according  to  the  naturalJi 
by  which  the  conditions  of  their  existence  1 
determined,  the  races  disappeared,  and  were  p 
bably  succeeded  by  new  forms. 

The  extinction  of  whole  genera  of  animals  ^ 
plants  has  no  doubt  depended  on  many  ca 
the  earlier  ages,  the  changes  of  temperature)  aDd,|| 
rapid  mutations  of  land  and  water,  were  probs 
the  principal  agents  of  destruction  ;  but  since  D 
became  the  lord  of  the  creation,  his  necessities  U 
caprice  liave  occasioned  the  extirpation 
tribes  of  animals,  whose  relics  are  found  in  I 
superficial  strata,  with  those  of  species  coQceri^j 
which  both  history  and  tradition  are  silent. 

In  this  country  tiie  beaver,  wolf,  hyena,  bear,.&A(J 
are  examples  of  species  which,  although  extiuct.ijir 
Great  Britain,  still  exist  elsewhere;  while  the  mam- 
moth, and  the  Irish  elk,  whose  remains  occur  in 
our  alluvial  deposits,  are  both  extinct ;  the  latter 
was  unquestionably  extirpated  by  the  early  inha- 
bitants of  these  islands.  The  obliteratiou  of  certain 
forms  of  organization,  is  therefore  clearly  dependent 
on  a  law  in  the  economy  of  nature  which  is  still 
in  active  operation  ;  and  I  shall  proceed  to  notice 
the  connecting  links  between  the  actually  existing 
species,  and  those  which  are  blotted  out  from  the 
face  of  the  earth. 

3.  Animals  extihpated  by  uumam  aqbncv. 
— That  the  extinction  of  many  of  the  existing  races 
of  animals  must  soon  take  place,  from  the  immense 
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fcilniction  occasioned  by  man,  cannot  admit  of 
doubt.  In  those  which  supply  fur,  a  remarkable 
proof  of  this  inference  is  cited  in  a  late  number  of 
to  American  Journal  of  Science,  "  Immadiately 
[th  Georgia  was  explored  by  Captain  Cook, 
!,  the  Americans  commenced  carrying  seal- 
thence  to  China,  where  they  obtained 
exorbitant  prices.  One  million  two  hundred 
Aoiuand  skins  have  been  taken  from  that  island 
llone,  since  that  period ;  und  nearly  an  equal  number 
from  the  Island  of  Desolation  I  The  numbers  of  the 
far-seals  killed  in  the  South  Shetland  Isles  (S.  lat. 
63",)  in  1821  and  1822,  amounted  to  three  hundred 
and  twenty  thousand.  This  valuable  animal  is  now 
almost  extinct  in  all  these  islands."  From  the  most 
anCheiitic  statements  it  appears  certain  that  the  fur 
trade  must  henceforward  decline,  since  the  advanced 
state  of  geographical  science  shows  tliat  no  new 
conntrieB  remain  to  be  explored.  In  North  America 
the  animals  are  slowly  decreasing  from  the  perse- 
tering  efforts,  and  the  indiscriminate  slaughter, 
practised  by  the  hunters,  and  by  the  appropriation 
to  the  use  of  man,  of  those  forests  and  rivers  which 
dace  afforded  them  food  and  protection.  They 
Recede  with  the  aborigines  before  the  tide  of  civi- 
Kzation. 

4,  The  apteryx  acstralis.  —  An  extra- 
ordinary bird,  a  native  of  New  Zealand,  of  which 
bui  few  living  individuals  are  known  to  naturalists, 
tpj^an  to  be  on  the  point  of  extinction  ;   it  is  the 
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Apteryx  Auslralts  so  called  from  being  d^titateil 
wings.     The  onl;  Vnov,  n  specimen  was  figured  id 
described  by  Dr  'ihaw   and  b  now  n  the  collecti 
of  Lord  Staii1c\       It  has  lately  been  examined  ll 


Mr.  Yarrell,  by  whom  tie  characters  of  the  sLeleton 
have  beep  correctly  ascerta  ned  This  bird  is  of  a 
greyish  brown  colour  aud  has  neither  vin^s  nor 
tail.  The  beak  is  slightly  curved  and  the  nasal 
apertures,  instead  of  opening  at  the  base  a^  in  birds 
in  general,  and  espec  ally  n  those  of  a  sun  lar  con 
formation  of  beak  wh  ch  is  adapted  for  respiration 
while  immersed  n  mud  or  "Aater  is  placed  at  the 
apex.  The  eyes  are  lery  small  The  feathers  are 
long  and  loose,  like  those  of  the  emu,  but  e*jMI 
plume  has  only  a  single  shaft.*  f^| 

•  Since  tbc  Tonner  edition  of  this  noik,  three  n  four  d4| 
specimens  of  the  npteryx  have  been  brought  from  New  Zealmuf 
to  this  country.     Mr,  Gould  statea  that  it  is  ft  very  rare  bird, 
and  that  its  noctumal  habits  render  it  dilEculE  to  be  obtdnad. 
much  request  among  the  New  Zealmd  chH&^4a 


5.  Thb  dodo  (Didut  ineplus). — A  remarkable 
iiMuic«  of  the  extirpation  of  a  peculiar  type  of 
i^Biiiiation  b  afforded  by  the  dodo,  wMch  has 
hen  annihilated,  and  become  a  denizen  of  the  fossil 
bogdom,  almost  before  our  lyes  The  dodo  was 
I  bird  of  the  gallinaeeouB  tribe,  larger  than  a 
Inilwy,  which  abounded  in  the  Mauritius  and  ad- 
Juent  islands,    when   those    countries   were    first 


ttloaized  by  the  Dutch,  about  two  centuriea  ago. 
tbis  bird  formed  the  principal  food  of  the  in- 
UiitantB,  but  it  was  found  to  be  incapable  of  do- 
mestication, and  its  numbers  therefore  soon  became 

tntmmt  their  war  dreaees.  Captain  Symonda  also  mentionB 
tha  aplecf  X  as  (requeating  Cloudy  Bay,  and  alTarding  excellent 
KfM  lo  Ihe  huiitera,  to  whom  it  ia  of  great  value,  on  floeount 
tf  itt  leitherg,  xliich  are  held  in  high  eatimatioti  imong  (he 
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Bensibly  diminiahed.  Stuffed  specimens  were  pie- 
served  ID  the  museums  of  Europe,  and  paintings 
of  the  UvJDg  animal  are  still  extant  in  the  Aib> 
molean  Museum  at  Oxford,  and  in  the  British 
Museum.  But  the  dodo  is  now  extinct  —  it  is 
no  longer  to  be  found  iu  the  isles  where  it  ODOft 
flourished  ;  and  even  all  the  stuffed  specimens  ue 
destroyed.  The  only  relics  that  remain,  are  tha. 
head  and  foot  oT  an  individual  in  the  AshmuleaUi 
and  the  leg  of  another  in  the  British  Museum.  To 
render  this  illustration  complete,  the  bones  of  the 
dodo  have  been  found  in  a  tufaceous  deposit,  be- 
neath  a  bed  of  lava,  in  the  Isle  of  France ;  so  tlut 
if  the  remains  of  the  recent  bird  already  ulluded  to, 
had  not  been  preserved,  these  fossil  relics  would, 
have  constituted  the  only  proof  that  such  a  creBtnr* 
had  ever  existed  on  our  planet.  ,<l 

6.  TitE  Irish  elk,  or  cervus  UEoAcsROa. 
(elk  with  great  antlers.) — The  shell  marls  of  Ireland 
also  afford  evidence  of  the  existence  of  an  animal, 
which,  like  the  dodo,  vtas  once  cotemporaoeous 
with  the  human  species,  but  is  uow  altogether 
extinct,  the  last  individual  of  the  race  haviug,  in 
all  probability,  been  destroyed  by  man.  Its  re- 
mains commonly  occur  in  the  beds  of  marl  beneath 
the  peat-bogs,  which  are  apparently,  like  those  of 
Scotland,  the  sites  of  ancient  lakes.  In  Curragh, 
immensequantitiesof  the  bones  of  the  elk  lie  within 
a  small  space,  as  if  the  animals  had  assembled  in  a 
herd :    the  skeletons  appear  to  be  entire,  and  the 


tme  Is  elevated,  the  antlers  being  thrown  hack  on 
tbn  riionldera,  as  if  the  creatures  had  sunk  in  a 
md  been  suffocated.  Remains  of  the  elk 
marl  and  gravel,  in  many  parts  of  Eng- 
,  Gennany,  and  Italy.  This  enormous 
mfiBuit  very  far  exceeded  in  magnitude  any  living 
ipecies.  The  skeleton  is  upwards  of  ten  feet  high 
from  the  ground  to  the  highest  point  of  the  antlers, 
wliich  are  palmated,  and  are  from  ten  to  fourteen 
i^  from  one  extremity  to  the  other.  The  museum 
of  the  late  eminent  anatomist,  Joshua  Brookes, 
irliich,  to  the  disgrace  of  the  government  of  this 
omintry,  was  suffered  to  be  dispersed,  contained  & 
vngnifieent  pair,  measuring  eleven  feet  in  eKpanae, 
■tich  are  now  in  my  collection.  Skulls  have  been 
^Btl  without  homs,  and  these  probably  belonged 
to  females.  The  average  weight  of  the  skull  and 
antlers  ia  computed  at  three  quarters  of  a  hundred- 
iKiglit ;  they  are  generally  in  a  fine  state  of  preser- 
ntieiii  of  e.  dark  brown  colour,  with  here  and  there 
■  UniBfa  incrustation  of  phosphate  of  iron,  like  those 
itf  the  deer  from  Lewes  Levels.  The  elk  shed  its 
kimtf  and  probably,  like  existing  species,  annuallyi 
ProfesGor  Jameson,  Mr,  Weaver,  and  others,  have 
Aurly  proved  that  this  majestic  creature  was  coeval 
with  man.  A  skull  was  discovered  in  Germany, 
mociated  with  urns  and  stone  hatchets ;  and  in 
the  county  of  Cork,  a  human  body  was  exhumed 
from  a  wet  and  marshy  soil,  beneath  a  bed  of  peat 

Lfcet  thick ;  the  body  was  in  good  preser- 
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vatiou,  and  enveloped  in  a  deer  skio  covered  wiU' 
bair,  which  there  is  every  reason  to  conclude  wik 
that  of  the  dk.      A  rib  of  the  elk  has  aba 
found,  in  which  there  is  a  perforation,  that  evidently 
had  been  formed  by  a  pointed  inatrument  while 
animal  was  aUve,  for  there  is  an  etfUB 
or  new  bony  matter,  which  could  only  have  reaull 
from  something  remaining  in  the  wound  for  a 
siderable  period ;  such  an  etfect,  indeed, 
l>e  produced  by  the  head  of  an  arrow  or  spi 
There  is,  therefore,  presumptive  evidence  that 
race  was  extirpated  by  the  hunter-tribes  who 
took  possession  of  these  islands. 

Beds  of  gravel  and  sand,  containing  recent  nu 
shells  and  bones  of  the  Irish  elk,  liave  been  ob- 
served  by  Dr.  Scouler  in  the  vicinity  of  Dublin)  kt 
an  elevation  of  two  hundred  feet  above  the  level  of 
the  sea.  It  is  therefore  manifest  that  thia  extinct 
quadruped,  although  found  in  peat-bogs  and  ini>- 
rasses  at  a  comparatively  recent  period,  mnst  have 
been  an  iiihabitattt  of  Ireland  antecedently  to  M>no 
of  the  last  changes  in  the  relative  position  of  the 
land  and  water.  The  discovery  of  a  vast  number 
of  skeletons  of  the  elk  in  the  small  area  of  the  Isle 
of  Man,  seems  to  indicate  a  great  alteration  iD 
the  extent  of  land  and  sea ;  for  it  is  difiieult  to 
conceive  that  such  herds  of  this  gigantic  race  could 
exist  in  so  limited  a  district;  and  it  is  therefore 
probable  that  the  island  was  separated  from  tin 
•  Jameaon'a  Cuvier. 


1 


EPOCH  OS  OlG&sriC  MAMUALIA.  123 

d  at  no  remote  geological  period)  by  subsi- 
I  oomnensuTate  with  the  elevation  of  nbicli 
Jreland  affords  such  decisive  evidence.* 

Id  tlie  remarkable  examples  just  cited,  we  have 
•n  interesting  transition  from  the  recent  to  the  lost 
Ijpet  of  Boimal  existence.  1st,  Species  extinct  in 
tbe  British  islands,  but  still  living  in  other  couD- 
Sdl}*,  Animals  which  have  beeu  entirely 
dutroyed  within  the  last  few  centuries.  X.aatly, 
Species  that  were  blotted  out  from  the  face  of  the 
eirth  by  the  early  races  of  mankind. 

7-  Epocu  of  terrestrial  mammalia. — We 
must  now  advance  another  step  in  the  hbtory  of 
tbe  past,  and  proceed  from  the  consideration  of 
vtat  is  known,  to  that  which  is  unknown  ;  the  sub- 
uquent  divisions  of  this  discourse  will  be  restricted 
to  the  geological  phenomena  of  the  period  imme- 
diately antecedent  to  the  present ;  a  period  in  which 
llie  earth  appears  to  have  teemed  with  enormous 
Biammalia,  and  with  which  but  few  species  of  the 
uigtiDg  races  were  associated.  Thus  while  the 
present  may  be  termed  the  modem  or  human 
^oek,  that  which  forms  the  immediate  subject  of 
Our  investigation  may  be  designated  the  epoch  of 
gfj/aatM!  mammalia. 

8.  Character    op   the  akcient   alluvial 

DiFOsiTS. — "  When  the'  traveller,"   says    Cuvier, 

"pUHs  over  those  fertile  plains,  where  the  peaceful 

•  Addnu  of  Chulc*  Lyell,  Esq.  Preeidfot  of  (lie  Geological 

S«MI;  of  London,  1837. 
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waters  preserve,  by  their  regular  courses,  an  abun-J 
dant  vegetation,  and  the  soil  of  which  ie  crowded  It 
an  extensive  population,  and  enriched  by  flourishifij 
cities,  which  are  never  disturbed  but  by  the  r 
of  war,  or  the  oppression  of  despotism,  he 
inclined  to  believe  that  nature  has  also  had  her 
intestine  wars,  and  thai  the  surface  of  the  globe  has 
been  overthrown  by  various  revolutions  and  cata- 
strophes. But  his  opinions  change  as  he  penetrates 
into  that  soil  at  present  so  peaceful ;  or  as  he  a-scends 
the  hilb  which  bound  the  plains.  His  ideas  expand, 
as  it  were,  with  the  prospect ;  and  so  soon  as  be 
ascends  the  more  elevated  chains,  or  follows  the  beds 
of  those  torrents  which  descend  from  their  summits, 
he  begins  to  comprehend  the  extent  and  grandedr 
of  those  physical  events  of  ages  long  past.  Or  if 
he  examine  the  quarries  on  the  sides  of  tho  hills,  flt:^ 
the  cliffs  which  form  the  boundaries  of  the 
he  there  sees,  in  the  displacement  and  contortion  a 
the  strata,  and  in  the  layers  of  water-worn  mater 
teeming  with  the  remains  of  animals  and  plsnt^ 
proofs  that  those  tranquil  plains,  those  smooth  I 
broken  downs,  have  once  been  at  the  bottom  of  t&i 
deep,  and  have  been  lifted  up  from  the  bosom  of 
the  waters ;  and  everywhere  he  will  find  evidence 
that  the  sea  and  the  land  have  continually  changed  i 
their  place."  "Vd 

In  almost  every  part  of  the  world,  beneath  thAl 
modern  alluvial  soil,  the  nature  and  character  ctf  ' 
which  were  described  in  the  former  lecture,  exten- 
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of  gravel,  day,  and  loam,  are  found  spread 
\f^  plains,  or  on  the  flanks  of  the  mountain 
the  crests  of  ranges  of  low  elevation  ; 
Ind  in  these  accumulations  of  water-worn  mate- 
RSls,  are  immense  quantities  of  tiie  bones  of  large 
mammalia.*  These  remains  belong  principally  to 
uimalB  related  to  the  elephant,  as  the  mammoth, 
miitodon,  &c.,  and  to  various  species  of  hippopo- 
tamus, rhinoceros,  horse,  ox,  deer,  and  many  of 
UtJDct  genera ;  while  in  caverns  and  fissures  of 
IDcks  filled  with  calcareous  breccia,  the  skeletons 
of  tigers,  boars,  hyenas,  and  other  carnivorous  ani- 
mals, are  imbedded.  Fossil  bones  of  this  kind 
euit,  in  such  abundance,  all  over  Europe,  Asia, 
uA  America,  that  it  is  impossible  to  enumerate 
|lie  localities ;  they  are  found  alike  in  the  tropical 
1^3  of  India,  and  in  the  frozen  regions  of  Siberia ; 
riiile  there  is  no  considerable  district  of  Great 
firitais  in  which  some  traces  of  theae  remains  do 
Wt  occur. 

^  Cl.ASSlF[CATIDE4  OF   MAMMALIAN  REMAINS. 

~Dr.  Buckland  considers  these  remains  as  refer- 
iblt  to  four  divisions. 

Pint.  Land  animals,  drifted  into  estuaries  or  seas, 
ud  associated  with  marine  shells,  such  aa  those 
found  in  the  Sub-Apennine  formations  ;  in  the  beds 
of  gravel,  sand,  &a.  provinciaily  termed  crai/,  in 

•  The  tErm  dilucimn  ia  comtnoniy  applied  to  thfso  sncieat 
•Dunalbeils;  they  are  tlie  nencr  plheme  in  the  cUuifinatlDil 
of  Mr.Lyell,  u  «e  ihall  hereafter  eiplaJD. 
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Norfolk  and  Suffolk  ;  loam  and  chalk  conglomerate 
in  Brighton  cliffs  ;  and  in  clay  off  Harwich  and 
Heme  Bay,  and  on  the  coast  of  Western  Sussex. 

Secondly.  Terrestrial  quadrupeds,  imbedded  with 
fresh-water  shells ;  in  strata  that  have  been  formed 
during  the  same  epoch  aa  the  abore,  at  the  bottom 
of  fresh-water  lakes ;  such  are  tlie  fossil  bones  of 
the  lacustrine  marls  of  the  Val  d'Arno. 

Thirdly,  .Similar  remains  in  superficial  detritos, 
spread  over  the  surface  of  rocks  of  all  ages  ;  as  in 
beds  of  gravel  near  London  ;  Petteridge  Common, 
Surrey  ;  near  Eastbourn,  Susses,  &c. 

Fourthly.  Osseous  remains  of  carnivorous  and 
herbivorous  animals  in  caverns  and  fissures  of  rocks 
which  formed  part  of  the  dry  land,  during  the  later 
period  of  the  same  epoch.  The  cavetua  of  Gaylea- 
reuth,  Kirkdalc,  d-c.  are  examples. 

Lastly.  The  relics  in  the  osseous  breccias  that 
occur  in  fissures  of  limestone  on  the  shores  of  the 
Mediterranean,  in  the  Ionian  Isles,  in  the  rock  of 
Gibraltar,  at  Plymouth,  and  in  the  Mendip  hills." 

Before  I  direct  your  attention  to  the  fossils  before 
us,  which  have  been  collected  from  the  alluvial  de- 
posits under  examination,  and  from  various  local- 
ities, it  will  be  necessary  to  review  the  leading 
principles  of  that  science  which  explains  the  struc- 
ture of  animal  existence.  Thus  while  in  our  pre* 
ceding  investigations  we  referred  to  Astronomy  to 
dissipate  the  obscurity  which  shrouded  the  earliest 
*  Dr.  Buckland's  Bridgwater  Eiwy,  p.  Si, 
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luUrf  of  our  planet,  we  are  now  led  to  tLat  impor- 
tut  dqwrtpient  of  natural  knowledge,  Comparative 
Anatomy,  to  enable  us  to  restore  the  lost  foriOB  of 
uioul  exbtence.  1  shall  therefore  explain  the 
■Dde  of  induction  employed  by  the  Bcientilic  ob' 
',  in  his  investigation  of  the  fossil  remains  of 
uimalsi  by  which  he  is  enabled  to  ascertain  the 
rtructure  and  habits  of  those  creatures  which  Lave 
long  since  disappeared  from  the  face  of  the 
MTtli- 

10,  CoMPARATivB  ANATOMY.  —  To  a  person 
uuDstructed  in  this  science,  the  specimens  before 

would  appear  a  confused  medley  of  bones  and 
of  osseous  fragments,  impacted  in  solid  stone ;  and 
tlie  only  knowledge  he  could  derive  from  their  ex- 
imiaation  would  he  the  fact,  that  the  stone  was 
imee  in  the  state  of  sand  or  mud,  in  which,  while 
wft,  the  bones  had  become  imbedded.  But  in  vain 
VSuId  he  Bcek  for  further  information  from  these 
pteciouB  historical  monuments  of  Nature  i  to  him 
tliey  would  appear  aa  unintelligible  as  were  the 
tieroglyphics  of  Egypt,  before  Young  and  Cham- 
poUion  explained  their  mysterious  import.  It  is 
ODly  by  an  acquaintance  with  the  structure  of  the 
living  forms  around  us,  and  by  acquiring  an  inti- 
knowledge  of  their  osseous  frame-work  or 
■luletOD,  that  we  can  hope  to  decipher  the  hand- 
writiDg  on  the  rock,  obtain  a  clue  to  guide  us 
through  the  labyrinth  of  fossil  anatomy,  and  con- 
iiwt  to  those  interesting  results,  which  the  genius 
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of  the  immortal  Cuvier  firot  taught  ni  how.  to 
acquire.  And  here  it  will  be  necessary  to  &otim 
upon  the  consideration  of  those  beautiful  prineipki 
of  the  co-relation  of  structure  in  organized  bdngir 
which  were  first  announced  by  that  illustrious  phi- 
losopher. 

11.  Adaptation  of  structubx  in  amimau. 
— The  organs  of  every  animal,  observes  M.  Cuvier, 
may  be  considered  as  forming  a  machine,  the  parti 
of  which  are  mutually  dependent  on  each  other, 
and  exquisitely  adapted  for  the  functions  they  are 
destined  to  perform ;  and  such  is  the  intimate  rela- 
tion of  the  several  organs,  that  any  variation  in  one 
part,  is  constantly  accompanied  by  a  corresponding 
modification  in  another.  This  mutual  adaptation 
of  the  several  parts  of  the  animal  fabric  is  a  law  of 
organic  structure,  which,  like  every  other  induction 
of  physical  truth,  has  only  been  established  by 
patient  and  laborious  investigation.  It  is  by  the 
knowledge  of  this  law  that  we  are  enabled  to  re- 
.  assemble,  as  it  were,  the  scattered  remains  of  the 
beings  of  a  former  state  of  the  globe, — to  determine 
their  place  in  the  scale  of  animated  nature, — and 
to  reason  on  their  structure,  habits,  and  economy, 
with  as  much  clearness  and  certainty,  as  if  they 
were  still  living  and  before  us.  I  will  demonstrate 
this  proposition  by  a  few  examples.  Of  all  the  solid 
parts  of  the  animal  structure  the  most  obviously 
mechanical  are  the  jaws  and  teeth  ;  and  as  we  know 
in  each  instance  the  operations  they  are  intended  to 
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jKrform,  thej  afford  the  moat  simple  and  striking 
niutration  of  the  principles  above  enunciated. 


12,    OSTZOLOGICAL  CHARACTERS   OF   THE  CAR- 

WivoRA, — ir  we  examine  the  jaws  of  the  skulls 
Kfore  us,  thoae  of  a  Bengal  tiger,  and  of  a  cat,  we 
perceive  that  there  are  cutting  teeth  in  front, — 
Ipiarp  fangs  on  the  sides, — and  molar,  bruising,  or 
Idmahtiig  teeth,  in  the  back  part.  The  molar  rise 
itlto  sharp  lanciform  points,  and  over-lap  each  other 
in  the  upper  and  lower  jaw,  like  the  edges  of  a  pair 
of  shears ;  and  the  teeth  are  externally  covered 
with  a  thick  crust  of  enamel.  This  is  evidently 
OB  apparatus  for  tearing  and  cutting  Hesh,  or  for 
cracking  bones;  but  is  not  suited  for  grinding  the 
stalks  or  seeds  of  vegetables.  The  jaws  fit  together 
by  a  transverse  process,  which  moves  in  a  corre- 
sponding depression  in  the  skull,  like  a  hinge 
(Tab.  18);  they  open  and  shut  like  shears,  but 
admit  of  no  grinding  motion  ;  this,  then,  is  such  an 
articulation  as  is  adapted  for  a  carnivorous  animal ; 
and  every  part  of  this  instrument  is  admirably 
fitted  for  its  office. 
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But  all  these  iDimitable  adjuatments  would  be 
list,  were  there  not  levers  and  muscles  to  work  tbc 


re  Dot  each  portion  of  the  aoinial  frEunt 
0  all  the  other  parts, — and  were  not  ibe 
instincts  and  appetites  of  the  animal  such  as  iie 
calculated  to  give  to  this  apparatus  its  appropriate 
movements.  Let  us  reverse  the  order  of  ihe  argu- 
ment,— let  ua  assume  that  the  stomach  of  au  aoinul 
be  so  organised  as  to  be  fitted  for  the  digestion  of 
flesh  only,  and  that  flesh  recent, — we  should  &ai 
that  its  jaws  would  be  so  constructed  as  to  fit  thm 
for  devouring  live  prey, — the  claws  for  seizing  and 
tearing  it, — the  teeth  for  cutting  and  dividing  it, — 
the  whole  system  of  its  powers  of  motion  for  pur- 
suing and  overtaking  it, — the  organs  of  sense  for 
discovering  it  at  a  distance, — and  the  brain  endowed 
witii  the  instinct  necessary  for  teaching  the  animal 
how  to  conceal  itself,  and  lay  snares  for  its  viotioLS. 


□tlDLS.       I 
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Su6h  afe  the  general  relations  of  ;the  structure  of 
cajrniyorous  animals,. and  which  every  being  of  this 
class  must  indispensably  combine  in. its  constitution; 
or  its. race  cannot  exist.  But  subordinate  to  these 
principles,  are  .  others  connected  with  the. .  nature 
and  habits  of  the  prey  upon  which  the  animal  is 
intended  to  subsist,  and  thence  result  modifications 
of  the  details  in  the  forms  which  arise  from  the 
general  conditions.  Thus,  in  order  that  the  animal 
may  have  the  power  requisite  to  carry  off  its  prey, 
there  must  be  a  certain  degree  of  vigour  in  the 
muscles  which  elevate  the  head ;  and  thence  results 
a  determinate  form  in  the  vertebrae  or  bones  from 
which  these  muscles  originate,  and  in  the  back  of 
the  head  in  which  they  are  inserted.  That  the 
paws  may  be  able  to  seize  their  prey,  inhere  must  be 
a  certain  degree  of  mobility  in  the  toes,  and  of 
strength  in  the  claws,  and  a  corresponding  form  in 
afi  the  bones  and  muscles  of  the  foot.  It  is  un- 
necessary to  extend  these  remarks,  for  it  will  easily 
be  seen  that  similar  conclusions  may  be  drawn  with 
regard  to  all  the  other  parts  of  the  animal.*  In 
the  tiger  and  the  cat  we  have  a  familiar  illustration 
of  what  has  been  advanced. 

13»  Structure  of  the.  herbivora.  —  In 
EUiimals  which  are  destined  to  live  on  vegetables  we 
have  the  same  mutual  relations ;  the  sharp  fangs  of 
the  teeth  are  wanting,  the  enamel  is  not  all  placed 

•  Consult  Cuvier's  "  Thdorie  de  la  Terre ;"  "  Lejons  d' Ana- 
tomie  Comparative ;"  "  Ossemens  Fossiles^"  &c. 
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w  the  top  or  tW  tnelk  M  !■  tha  HHBiTCn,  %d 
aatngei  in  de(|i  votiMl  iMfm.  iliMi^Mg  <» 
boor  nuttn;  uid  tUa  anUgennt,  la  aB  iMIl 
of  dn  tMd^  aeeavMi  a  rough  gnndiiig  nHhae,  «■  h 
thfl  koiu  u>d  the  daphut    Tlu  flirt  mdw  «■* 
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ue  not  formed  for  cutting,  bat  for  i 
uid  the  jawB  are  loosely  articulated  t<^thei  bo  u 
to  bUot  of  a  grinding  movement :  had  the  to^et 
and  correaponding  part  of  the  jaw  beea  the  mibc 
u  in  the  tiger,  the  tooth  could  not  have  perfiKued 
its  office.  Again,  I  might  proceed  in  the  argu- 
ment, and  ehow  the  adaptation  of  the  muidet  of 
the  head  to  the  apparatus  here  described;  and 
beginning  with  the  jaw,  review  the  whole  animal 
frame,  and  demonstrate  how  all  its  parts  aie  alike 
wonderful^  constructed  and  fitted  togethw,  to 
perform  the  functions  necessary  for  the  beiag  to 
iriudi  it  belongi. 


|H.  STRUCTUBE  OF  THE  RODENTIA.  I3U 

li.  Stbdctuxb  of  the  bodentia,  oh  gmaw- 
■t.---Iii  the  jaws  of  an  intermediate  order   of 
lab,  we  find  new  modifi cations  of  the  same 


I^L  BfaluUathiiribsuppeilivt 
u^ulfltdi  teen  nbllquely.  Fig.  2 
UUinl  line.    Fig.  3.  BkuU  of  the  s 


i^arfttuB.      Thus  tbe  rodenfia,  or  gnawers,   hav 
sharp  cutting  teeth,  like  nippers;  it  is  by  thee 


that  the  rat  can  very  speedi 
a  board,  and  the  squirrel 
of  their  exquiaite  adaptati 


ily  gnaw  a  hole  through 
)  nut,  in  consequence 
for  these  operations. 


h  d)fl  skull  of  the  gquirrel  (Tab.  31,  fig.  3)  the 


le 

i 
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Tront  teetli  are  of  enormous  size,  as  compared  v'nh 
the  molar,  and  they  lock  together  in  such  maul 
as  to  render  a.  grinding  movemGnt  impos3ible)4J 
new  adjustment  lias,  therefore,  been  supplied,- 
lower  jaw  is  so  adapted  aa  to  work  in  the 
neither  in  a  transverse  nor  in  a  rotatory  direcdfl 
but  lengthwise,  like  the  action  of  a  carpenter 
his  plane,  the  teeth  moving  backwards  and  forws 
as  may  be  observed  in  the  rabbit  while  eating  il 
food.     The  enantel  of  the  molar  teeth  (see  Tab.:"" 
fig.  1)  is  placed  vertically  and  transverse 
jaw,  BO  as  to  form  an  admirable  grinding  surfa 
But  this  is  not  the  only  variation  of  structure 
servable  in  the  teeth  of  tliese  animals.     The  inclsoiB 
being  implements  of  constant  use,  are  renewed  by 
continual  growth,  and  there  is  a  special  provision 
for  their  support  in  a  bent  socket.    The  enamel  ii»- 
unequally  distributed  round  the  tooth,  being  verjr 
thin  behind  and  thick  in  front,  by  which  raetuis  tbe^ 
cutting  edges  are  always  preserved;  for  by  the  very 
act  of  gnawing,  the  hinder  part  of  the  incisor  weari 
away  quicker  than  the  fore  part,  and  thus  a  sharp 
inclined  edge,  like  tliat  of  an  adze  or  chisel,  is 
maintained,  and  which  is  the  very  form  required 
in  the  economy  of  the  animal.     The  sk,ull  of  the 
common  rabbit  or  hare  will   exemplify  these  M- 
marks, 

15.  General  inferences.  —  These  are  but  a 
few  examples  of  those  admirable  adaptations  gf 
means  to  ends  which  are  obsorvabie    throiigbout 


Li 
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the  various  classes  of  organized  beings:  biit  the 
limits  of  a  single  lecture  will  not  allow  me  to  he 
more  diffuse,  and  I  trust  it  is  unnecessary  to  offer 
farther  remarks,  to  show  that  the  conclusions  of 
geologists,  as  to  the  ancient  inhabitants  of  our 
globe,  are  not  vague  assumptions,  as  those  unac- 
quainted with  the  science  might  suppose,  but  the 
legitimate  deductions  of  laborious  and  patient  in- 
vestigations. A  few  teeth  and  bones — sometimes 
but  a  single  relic  of  this  kind — are  the  elements 
by  which  the  comparative  anatomist  is  enabled, 
not  only  to  restore  the  forms  of  creature  now 
banished  from  the  face  of  the  earth,  but  also  to 
ascertain  their  habits  and  economy,  and  even  arrive 
at  positive  conclusions  respecting  the  nature  of  the 
country  of  which  they  were  once  the  inhabitants. 
If  we  find  the  remains  of  animals  which  lived  on 
vegetables,  it  follows  that  there  must  have  been 
vegetables  for  their  subsistence,  and  a  condition  of 
nature  calculated  for  the  growth  of  vegetable  pro- 
ductions; a  soil  fitted  for  their  existence,  and  a 
country  diversified  by  hills,  valleys,  and  plains, 
with  streams  and  rivers  to  carry  off  its  superfluous 
waters.  The  same  laws,  under  certain  modifica- 
tions, apply  to  other  classes  of  beings.  In  birds,  the 
form  of  the  feet  is  modified  according  to  the  habits 
of  the  different  orders.  In  the  parrot,  (Tab.  22, 
fig,  3,)  the  claws  are  adapted  to  climb  trees  and 
perch  on  the  branches ;  but  in  the  eagle  they  are 
'#ideljr  different,  for  its  talons  are  constructed  to 


IH 

lAOenite  aad  totr  its  pray,  (Fig.4.) 
wfamAo  birds  are  fonMd  Vkm  a  ftddla 


»■  I 


Tab.  22.— Dzm&xvT  ro&M s  or  mv  xv  birds. 

Fig.  1.  Foot  of  the  heron ;  Fig.  2.  Of  the  ostrich ;  Fig.  8.  Of  the  pamt; 
Fig.  4.  Of  the  eagle;  Fig.  5.  Of  the  pelietn. 

enable  them  to  make  their  way  through  the  water 
(Fig.  5) ;  those  of  birds  that  frequent  mamhai  have 
a  great  expansion,  like  a  tripod,  that  they  may  move 
over  the  unstable  surfSeuse  of  the  morass  (Fig«  1); 
while  in  species  destined  to  inhabit  sandy  deaertSy  as 
the  ostrich  (Fig.  2),  the  feet  present  a  corresponding 
change  of  structure. 

We  perceive,  therefore,  that  every  yertabntod 
aoinal  has  a  solid  and  durable  skeleton,  or  osseous 


^■^  FOSSIL  BONES.  I^ 

Mtt,  formed  upon  one  general  plan,  but  modified 
most  endleas  yariety,  in  the  reiative  magnitude, 
[ion,  and  aspect  of  the  different  parts,  so  m  to 
I  itMlf  to  the  various  habits  and  functions  of 
Hversified  forms  of  animal  life.  lu  short,  that 
Lnthor  of  nature  has  by^  these  changes  varied 
ime  general  fabric  in  innumerable  ways  ;  be- 
d  upon  it  a  thousand  different  instincts  and 
>BBi  adapted  it  to  every  element  and  climate; 
0  every  possible  variety  of  food  and  mode  of 

)m  a  knowledge  of  these  principles  of  the  co- 
DD  of  the  different  parts  of  every  oi^^ized 
,  which  I  have  thus  attempted  to  explain,  we 
understand  hoir  the  scientific  observer  can 
struct  the  entire  animal  fabric :  and  we  are 
prepared  to  enter  upon  that  department  of 
gy  called  Palaontology,  or  the  science  which 
■  to  the  fossil  remains  of  the  beings  which 
lited  our  planet  in  former  ages. 

Fossil  bones, — As  the  bones  are  the  least 
lable  parts  of  the  animal  structure,  they  be- 
the  most  frequent,  and  often  the  only  indica- 
of  the  zoological  characters  of  the  more  ancient 
iB.  Occasionally  very  delicate  parts,  such  as 
inio  of  the  eye,  the  membranes  of  the  stomach, 
he  wings  of  insects,  are  preserved  in  a  fossil 
examples  of  which  we  shall  hereafter  adduce, 
i  older  rocks,  the  bones  are  generally  mineral- 
Md  no  Iong«r  posseaa  the  white  and  glossy 
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appearance  of  the  recent  skeleton ;  bttt  those  irliidi 
occur  in  the  superficial  gravel,  and  in  carenn,  are 
commonly  of  a  porous  and  earthy  character.  Mice 
bones  that  have  lost  a  portion  of  their  aniaial 
matter  by  being  buried  in  a  dry  and  loose  soiL 

The  animals  whose  fossil  remains  I  now  proceed 
to  describe,  may  be  separated  into  two  classes — die 
HERBivoRA,  whosc  boDcs  occur  in  the  gravel  aod 
marl, — ^and  the  carnivora,  which  are  found  in 
fissures  and  caverns. 

17.  Fossil  elephants,  or  mammoths** — I  will 
first  notice  the  fossil  remains  of  the  animals  of  the 
elephantine   family,  which  occur  in  great  abun- 
dance, and  are  very  generally  distributed.     In  the 
earlier  ages,  these  colossal  bones  were  supposed  1o 
belong  to  gigantic  races  of  mankind,  'and  hence 
the  tradition  of  giants  possessed  by  every  country 
in  Europe :  nor  need  we  smile  at  the  ignorance  and 
credulity  of  our  ancestors,  for,  not  many  years  since, 
a  fossil  tooth  of  an  elephant,  which  was  discovered 
in  digging  a  well  in  Brighton,  was  supposed  to  be  a 
petrified  cauliflower  I — In  Russia,  and  more  jparti- 
cularly  in  Siberia,  the  fossil  bones  of  elephants  are 
found  throughout  all  the  low  lands,  and  in  the  sandy 
plains,  but  not  in  the  elevated  primary  chain  of 
hills,  stretching  from  the   borders  of  Europe  to 
the  nearest  extreme  point  of  America,  and  south 
and    north   from   the   base   of   the   mountains  of 
central   Asia,   to   the  shores   of    the   Arctic  sea. 
*  From' the  AiMc  beJiemothfSigxdfying  elephant. 
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Within  this  space,  which  is  almost  equal  in  extent 
to  the  whole  of  Europe,  fossil  ivory  is  everywhere 
to  be  found;  and  the  tusks  are  so  numerous,  and 
ureU  preserved,  especially  in  Northern  Russia^  that 
thousands  are  annually  collected,  and  form  a  lucra- 
tive article  of  commerce.  In  Siberia  alone,  the 
r^nilElins  of  a  greater  number  of  elephants  have  been 
discovered,  than  are  supposed  to  exist  at  the  priB- 
sent  -time  all  over  the  world.  In  a  low  island  in 
the  Frozen  Sea  (72**  north  latitude)  bones  of  mam- 
moths are  seen  imbedded )  and  they  also  abound  in 
'an  iceberg  on  the  north-west  angle  of  the  American 
^contitient,  near  to  Behring's  Straits.  The  tur- 
quoise's of  Simon'e  are  composed  of  mammoths' 
bolies  impregnated  with  some  metallic  oxide. 

18.  Mammoth  and  rhinoceros  imbedded  in 
ICB. — But  the  most  remarkable  fact  relating  to 
these  remains,  is  the  preservation,  not  merely  of 
the  bones,  but  of  entire  animals,  with  their  flesh 
and  skin,  in  ice-bergs  and  frozen  gravel  I  In  1774*, 
near  Vilhoui,  the  carcase  of  a  rhinoceros  was  taken 
from  the  frozen  sand,  where  it  must  have  been 
concealed  for  ages,  the  soil  of  that  region  being 
always  frozen  to  within  a  few  inches  of  the  surface. 
-The  carcase  was  a  complete  natural  mummy,  part 
of  the  skin  being  still  covered  with  long  hairs,  and 
forming  a  warmer  covering  than  that  of  the  African 
rhinoceros.  The  discovery  of  a  mammoth,  under 
similar  circumstances,  is  yet  more  interesting.  It 
appear,  that  towards  the  close  of  the  last  century. 
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A  Tongivuan  MuHinwi  obierved  w  •  fllWof  j^^ 
ftiLTelk  OB  th^  banks  <rf  tfie  fiTer  Lciub  ft  AigiNp 
Biaa8»  the  B«|;iire  of  which  he  wae  mtuhto  td  #<(» 
miae.    I«  the  eoune  of  the  umI  yeMrii  wmiim 
▼itiUet  and  on  the  third  a  laige  task  VM  SM 
projectile  from  Hke  ice-oUff,  and  at  lengtli  toecM 
detached.    On  the  fifth  year,  an  earif  thaw^il  ii^ 
and  the  entire  carcase  of  a  mammeih  wpa  mtf9$ti^ 
and  at  length  feU  npgn  the  ground.    Il  wnalwlhs 
feet  high,  and  about  sixteen  feet  in  lengdit  At 
tasks  were  nine  feet  long.    The  flesh  was  m  snob  • 
stale  of  preservation,  that  it  was  detoured  an  Ithg 
by  woItcs  and  bears,  and  the  hunters  lad  their  difi 
iHMh  the  remains*    The  skin  was  eoyeved  wit^  hwr 
consisting  of  black  bristles,  thicker  than  hersehaifi 
and  fifteen  inches  in  length;  of  wool  of. a  reddish 
brown,  and  hair  of  a  fawn  colour ;  and  witii  a  mane 
on  the  neck.     Upwards  of  SOlbs.  of  hair  were  ool^ 
lected}  specimens  of  which  may  be  seen  in  the 
Hnntarian  museum,  of  the  College  of  Saige^as* 
The  ear  remained  dry  and  shrivdled;  the  iHrainand 
eren  the  capsule  of  the  eye  were  preserred !  tiiS 
bones  and  part  of  the  integuments,  and  a  con«der* 
able  quantity  of  the  hair,  are  in  the  Musena  of 
Natural  History  at  St  Petersburgh.    The  aeoonr 
panying  sketch  (Tab.  23)  rqiresents  the  skeleten 
in  its  present  state. 

The  occurrence  of  large  mammalia,  in  latftw4n 
where  but  few  forms  of  animal  life  can  now  pessiU(f 
find  the  means  of  subsistenoe,  is  a  faict  of  sp  imicli 
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interest,  that  I  must  indulge  in  a.  few  additional 
remarks.  The  existing  elephants  belong  to  two 
species,  namely,  the  African,  which  occurs  as  far 
south  as  the  Cape  of  Good  Hope,  and  the  Asiatic, 


Trhich  ia  limited  to  31°  north  latitude.  They  are 
distinguished  by  certain  characters ;  but  those  which 
.taore  especially  relate  to  our  present  inquiry,  are 
•the  peculiarities  of  the  teeth. 

19.  Teeth  op  recent,  and  fossil  klepiiantb. 
>^The  teeth  of  animals  are  formed  of  three  distinct 
•ubstanceB,  which  are  variously  disposed  in  different 
orders,  according  to  the  habits  and  economy  of  the 
species ;  a  fact  to  which  I  alluded  when  treating  of 
Iheanatomicalcharacter  of  those  of  the  rodentia,&c. 
The  nucleus  of  the  tooth  is  composed  of  a  bony 
<BUttteri  consisting  almost  entirely  of  phosphate  of 
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Iiiue>  witii  dbumcn,  and  gluten  ;  iC  U  called  'wor^ 
This  central  portion  of  the  tooth  is  covered  by  the 
enamel,  a  substaucc  whith  is  still  more  dense,  isA 
of  a  fibrous  structure,  and  so  hard  as  to  strike  ft» 
with  steel.  In  human  teeth,  the  enamel  cove 
whole  external  surface,  and  the  ivory  forms  Ike 
internal  purt.  In  herbivorous  animals  the  enamd 
and  ivoff  are  intermixed  j  and  there  b  iu  Bonifr 
genera,    a   third   substance    called  orv^la  peMii) 


Fig.  1 .  Poull  Wolh  or  an  elephsDi  ftma  Briihlon  cliff,  pmiallj  «sii 
Fig.  !.  Crn-n  of  B  loath  of  ihe  AMtan  fflephanl.    Fig.  3.  GiinAJ 
■urricc  of  a  loolta  of  Iha  mimmath,  oi  (ogull  tliphuil.   Fig.  4.  Sifaol 

which  is  a  kind  of  yellowish,  opaque  ivory,     ThAl 
three  substances  enter  into  the  composition  of  tn 
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tteti  of  the  elephant,  and  tfaeir  intermixture,  is 
tppareot  on  tbe  masticating  surfaces  ;  tLey  are  dir- 
lereatly  disponed  in  the  two  species,    In  the  African 
(Repliant  (Tab.  24,  fig.  2,)  the  worn  surface  of  the 
molar  teeth  presents  a  series  of  lozenge-shaped  lines 
of  enamel,  liaving  the  ivory  on  the  inner  margin 
of  the  ridges,  and  being  surrounded  by  the  crusla 
pdrosa.     In  the  Asiatic  species  (ftg.  4)  the  enamel 
f|>ims  narrow  transverse  bands ;  and  the  tooth  of 
lie  mammoth,  or  fossil  elephant,  (figs.  1  and  3,)  has 
an  analogous,  but  somewhat  different  distribution, 
obvious  that  the  structure  here  exhibited,  is 
fitted  for  the  grinding  of  vegetables  ;  for  the  three 
'Ubstances,  being  of  different  degrees  of  hardness, 
produce  by  their  unequal  wearing,  a  constant  rough 
Surface  for  trituration.*    The  elephant  has  but  four 
teeth  in  each  jaw ;    the  deficiency  of  prehensile 
teeth  being  supplied  by  that  wonderful  organ,  the 
t.Timk.     The  teeth  found  in  a  fossil  state,  appear  to 
Im  distinct  from  either  of  the  recent  species  ;  but 
they  are  more  nearly  related  to  the  Indian  or  Asia- 
tic, than  to  the  African,  as  you  may  observe  by 
these  specimens  from  Siberia,  India,  North  Ame- 
rica, and  the  cliffs  on  the  Sussex  coast.     In  some 
eiamples  the  teeth  are  water-worn,  but  most  com- 
nonly  very  perfect,  and  exhibit  but  few  marks  of 
attrition.     From  a  careful  review  of  the  characters 
of  the  fossil  elephant,   or  mammoth  of  Siberia, 

'  Sea  Dr.  Rogct's  Bridgwater  TreBtiae,  far  a  lucid  and  inte- 
twUng  EEsay  on  the  leetb  of  various  animals. 
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Cuvier  determined  that  the  species  wi 
ttnct ;  that  the  Btructure  of  the  teeth,  configuratiqa 
of  the  skull,  and  the  hairy  and  woolly  skin,  prof 
that  it  was  adapted  to  live  in  a  colder  climate  t) 
that  in  which  the  Asiatic  species  could  exist ; 
he  inferred  that  the  animals  originally  inhabited^ 
countries  where  their  remains  are  now  foo 
bedded  ;  and  that  the  preservation  of  the  t 
in  ice,  showed  that  the  change  in  the  tempera 
of  the  climate  was  sudden,  and  has  aim 
unaltered. 

Mr.  Lyell  offers  an  ingenious  solution  of  t 
difKcult  problem.  He  soppo^s  that  a  large  regin 
of  central  Asia,  perhaps  the  southern  half  of  Sibenit 
may  have  enjoyed  a  climate  mild  enough  to  havt 
admitted  of  the  existence  of  the  extinct  elephant^ 
for  vegetation  may  be  found  in  lat.  40°  and  50*1 
north ;  and  from  the  physical  geography  of  the 
country,  that  the  whole  tract  from  the  mountains 
to  the  sea  may  have  been  upraised  like  Sweden, 
and  the  refrigeration  of  the  north-eaat  of  Asia, 
and  its  present  physical  condition,  have  been  the 

My  limits  will  not  permit  me  to  dwell  at  length 
on  other  discoveries  of  fossil  elephants,  but  I  will 
notice  B.  few  instances  in  our  own  country.  On  the 
coasts  of  Norfolk  and  Suffolk,  so  mauy  teeth  of 
elephants  have  been  collected,  that  the  late  Mr. 
Woodward  (author  of  "  The  Geology  of  Norfolk  ") 
calculated  that  they  must  have  belonged  to  above 
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500  individiialfl.  At  Walton,  in  Essex,  and  at 
H^i^'Baj,  bones  and  tasks  have  also  been  found. 
But  by  far  the  most  extraordinary  collection  of  the 
reraaiDS  of  British  fossil  elephants  that  I  ever  beheld, 
is  in*  the  possession  of  Mr.  Gibson,  of  Bow,  near 
London ;  it  comprises  skulls,  tusks,  and  teeth,  from 
the  sueking  animal  to  the  adult,  in  a  remarkable 
state  of  preservation  ;  the  whole  of  which  were 
discovered  in  Essex.  In  the  highly  interesting 
museum  of  W.  D.  SauU,  Esq.  of  London,  many  fine 
elephantine  remains  are  also  preserved.  On  the 
weetem  coast  of  Sussex,  and  in  the.  neighbourhood 
of  Arundel,  Patcham,  and  Brighton,  teeth  and 
bones  of  elephants  have  at  different  times  been  ex- 
humed. At  Brighton  the  teeth  aire  found  in  a 
deposit  of  water-worn  materiab,  conristing  of  loam, 
chalk,  and  broken  flints,  resting  on  a  bed  of  shingle 
covering  the  chalk.*  In  (he  conglomerate,  of 
which  I  have  already  spoken,  (Tab.  15,  p.  101,)  as 
well  as  in  the  superincumbent  deposit,  the  teeth 
of  elephants,  with  bones  and  teeth  of  a  species  of 
deer,  horse,  and  whale,  occur,  and  are  associated 
with  marine  shells.  When  these  remains  were 
imbedded,  this  part  of  the  English  coast  must  have 
joined  the  opposite  shores  of  France,  and  have 
formed  the  boundary  of  a  bay  or  estuary,  of  a 
country  inhabited  by  large  mammalia;  for  similar 
fossils  are  found  in  a  deposit  of  a  like  character, 
along  the  French  coast. 

•  See  Geology  of  the  Sonth-East  of  England,  p.  32. 
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20.  The  Mastodon. — In  various  parts  of  N4H|^ 
merica,  there  are  marahy  tracts  aboundiog  iii,iri 
brackish  waters,  which  are  frer|uented  by  ^ 
and  other  animals ;  a  circumatance  from  whichjl 
have  acquired  Ihe  American  name  of  Lick.  ., 
these  morasses  vast  quantities  of  bones  of  gi; 
terrestrial  animals  have  been  discovered.  The 
spot  most  celebrated  for  these  remains  in  Kentacl[]'f 
is  called  Big-bone  Lick,  and  is  situated  to  tbe 
south-east  of  the  Ohio,  in  the  midst  of  a  group  of 
low  hills,  and  is  traversed  by  a  small  stream  of 
brackish  water.     Tlie  bottom  consists  c 


fetid  mud,  intermingled  with  sand,  and  vegetaUt 

matter ;  and  in  this  bog,  bones  of  great  magnitud< 

*  The  drawing  i»  one- third  of  the  ditmeler  of  the  orjginiL 
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occur  in  profusion.  Some  of  them  are  referable 
to  the  fossil  elephant,  but  others,  as  you  may 
observe  from  the  specimens  before  us,  must  have 
belooged  to  a  creature  not  less  gigantic,  but  with 
very  different  characters. 

These  teeth  are  composed  of  ivory  and  enamel 
only,  and  the  enamel,  which  is  very  thick,  is  spread 
over  the  crown  of  the  tooth,  which,  when  unworn, 
is   divided    into   several    transverse    tubercles,    or 
prooesses,  each  of  which    is  subdivided  into  two 
obtuse  points;    from  this  character  of  the   teeth 
ASTonos  (from  two  Greek  words, 
;nifying  mammillary  teeth,)  has  been  given  to 
le  animal  to  whom  they  belonged.     These  teeth 
ive  DO  relation  to  those  of  the  carnivora ;    for 
^though    they   have    an    external    investment    of 
iaiamel  like  those  of  the  tiger,  yet  they  are  desti- 
tute  of  the  longitudinal,  serrated,  cutting  edge ; 
pnd  in  those  which  are  worn,  the  protuberances 
icome  truncated  into  a  loienge  form.     The  struc- 
I'iare  is  similar  to  that  of  the  hog  and  the  hippopo- 
ttamus,  and  is  fitted  for  the  bruising  and  mastication 
5«f    crude    vegetables,    roots,    and    aijuatic   plants. 
[The  bones  and  teeth  of  the  mastodon  have  been 
lond  throughout   the  plains  of  North   America, 
im  north  of  Lake  Erie  to  as  far  south  as  Charles- 
South  Carolina ;    they  have  been  also  dis- 
tred    on    the   Continent,   and   in    the  Crag  of 
Worfolk,  in    England.      Here   are  examples   from 
banks  of  the  Ohio,  of  the  Hudson,  and  from 
L  2 
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Big*bone  Lick,  presented  to  me  by  Fnteaaor  SUi- 
man :  this  is  an  example  of  a  young  perfect  tooth; 
and  this  of  a  very  old  animal,  for  the  grinding  surfue 
is  almost  worn  flat  by  use.  These  remains  are  fiMsl 
at  moderate  depths,  with  no  marks  of  detritioB'; 
it  is  therefore  evident  that  the  animals  most  hin 
lived  and  died  in  the  country  where  their  rdics  SR 
entombed.     The  skeletons  of  the  great  mistodoa 
found  in  the  bogs  of  Louisiana  are  in  a  Vertiod 
position,  as  if  they  had  sunk  in  the  mire ;  and  one 
discovered  in  New  Jersey,  forty  miles  to  the  toi^ 
of  New  York,  was  bedded  in  black  earth,  in  the 
same  position,  the  head  being  on  a  level  with  the 
surface  of  the  soil.     There  is  an  entire  skeleton 
of  the  mastodon  in  the  museum  of  Mr.  Peale,  in 
Philadelphia,  which  is  fifteen  feet  long  and  eleven 
feet  high ;  and  by  this  specimen  it  has  been  ascer- 
tained that  the  great  mastodon,  or  animal  of  the 
Ohio,  as  it  has  been  called,  was  not  unlike  the 
elephant,  but   somewhat  longer  and   thicker.      It 
had  a  trunk  or  proboscis,  tusks,  and  four  molar 
teeth  in  each  jaw,  and  no  incisors.    Frdm  the  nature 
of  its  food,  as  shown  by  the  structure  of  the  teeth, 
it  must  have  frequented  marshy  tracts,  but  it  was 
undoubtedly  a  terrestrial  animal.     In  the  midst  of 
a  collection  of  these  bones  imbedded  in  mud,  a 
mass  of  small  branches,   grass,   and   leaves,  in  a 
half  bruised  state,  was  discovered,  and  a  species 
of  reed,  common  in  Virginia;   the  whole  appeared 
to  have  been  enveloped  in  a  sack,  probably   the 
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Istomacli  of  the  animal.  lu  another  iugtance,  traces 
li^the  trunk  or  proboscis  were  observed.  The 
:  composed  of  ivory,  and  vary  in  their 
The  bones  of  this  colossal  r[uaUroped 
md  remarkably  fresh  atid  well  preserved ; 
t  generally  impregnated  with  iron,  and  have 
r  been  buried  in  the  earth  for  ages.  No 
ince  of  this  creature  is  on  record,  and  no 
exist  that  its  race  has  long  been  extinct 
He^dlans  believe  that  men  of  similar  proportions 
fere  coeval  with  the  mastodon,  and  that  the  Great 
Spirit  destroyed  both  with  bis  thunder.*  There 
are  several  species,  some  of  which  have  been  found 
in  North  America  only,  aod  others  in  Europe. 
Tbat  eminent  philosopher  fiaron  Humboldt  dis- 
cwered  a  tooth  of  the  mastodon  near  the  volcano 
of  Imbaburra,  at  an  elevation  of  1,200  fathoms. 
A  very  fine  skull,  with  teetli,  of  the  great  mastodon, 
ftom  Big-bone  Lick,  baa  lately  been  placed  in  the 
British  Museum,  and  is  well  worthy  your  notice 
tlien  visiting  that  magnificent  collection.  This 
i^imen,  which  was  purchased  for  1.50  guineas, 
njBsists  of  the  cranium  with  two  perfect  grinders^ 
ud  the  sockets  of  the  other  two.  The  length  of 
the  skull,  from  the  occiput  to  the  sockets  for  the 
toria,  is  36  inches. 

21.  Mastodons  found  is  the  Burmese  em- 
PiBE. — I  now  request  your  attention  to  the  remains 

■  Cuvier.      See  nil  admirnbie  Erglisli  Epitome  of  Cavier'i 
FdeiU  AiunuJs,  by  Edward  Pidguoo,  Esq.  I  vol  Svo.  183>. 


J 


of  B.  species  of  mastodon  which,  from  th«  bi 
of  the  teeth,  fills  up,  as  it  vere,  the  inteml  1| 
separates    the    mastodon    from    the   elepfaantjj 


has  been  named  by  Air.  Clift,  the  Masiodon  ill" 
phantoides,*  (Tab.  26,  fig.  2).  The  teeth,  'which, 
together  with  the  fossil  bones  and  wood  before  iu> 
I  owe  to  the  liberality  of  Mr.  Craufurd,  preKUt 
characters  very  peculiar ;  for  while  their  structure 
is  similar  to  that  of  the  great  mastodoD,  the 
ridges  in  which  the  crown  of  the  teeth  is  dis- 
posed, resemble  those  of  the  elephant ;  and  the 
worn  surface  of  the  teeth  would  bear  an  analogy 
witli  thai  of  the  grinders  of  the  African  elephaal. 
These  teeth,  together  with  bones  and  teeth  of  the 
■  Geological  Transactions,  vol.  ii.  nc 
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j  lri;^poiamuB,  rhinoceros,  horse,  tapir,  ok,  antelope, 
fcof,  gavial,  freah-water  turtle,  &c.  and  silicifieU 
wood,  are  part  of  an  eMeOBive  collection  formed 
about  ten  yeara  since  by  Mr.  Craufurd,  on  liis  inis- 
lioB  to  Ava.  In  deseending  the  river  Irawaddi)  his 
iteam-boat,  owing  to  the  shallowness  of  the  water, 
round,  between  Prome  and  Ava,  about  '20° 
latitude,  near  some  petroleum  vrells,  where 

%  of  the  river  presents  a  cliff  80  feet  high  ; 

Die  strand  were  observed  masses  of  petrified 
^&nd  vast  quantities  of  bones.  The  adjacent 
wuntry  ia  formed  of  low,  sterile  sand-hills,  inter- 
sected by  ravines,  with  beds  uf  gravel,  which  are 
here  and  there  cemented  into  a  con^omerate  by 
ipou  and  carbonate  of  lime,  by  the  process  which 
was  explained  in  the  former  lecture  (p.  Si).  Scat- 
tered over  the  surface,  in  some  instances  lying 
loose  in  the  sand,  and  in  others  half  buried,  were 
maases  of  silicifled  wood,  and  fragments  of  bones, 
which  had  become  exposed,  from  the  removal  of 
the  Band  by  the  winds  and  rains.  The  bones,  as 
yon  may  perceive  in  these  incrusted  specimens, 
were  more  or  less  invested  with  a  hard  crust,  which 
Appears  to  be  a  mere  local  concretion,  from  the 
consolidation  of  loose  sand  by  ferruginous  and 
calcareous  infiltrations.  The  natives  who  assisted 
Mr.  Craufurd's  party  in  collecting  these  remains, 
believed  that  they  were  the  bones  of  giants  who 
had  warred  against  Vishnu,  by  whom  they  had  been 
ilestFOyed.      On  these  interesting  discoveries,  Dr. 
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Buckland"  calls  attention  to  the  remarkable  & 
that  in  the  twelve  chests  full  of  osseous  rema 
not  a  fragmeot  belongs  to  the  elephaot,  tiger, 
hyena,  which  abound  in  Ittdia  ;  while  evideuei 
afforded  that  the  extinct  mastodon  must  once  h 
swarmed  in  the  districts  bordering  on  the  Irawn 
22.  The  sivathericim.-|- — The  flanks  of  a  rai 
of  hills  belonging  to  the  Sub-Himalaya  moantai 
between  the  river  Sutlej  and  the  Ganges,  i 
covered  by  beds  of  concretionary  sandstone,  a 
glomerate,  and  loam,  bearing  a  close  analogy  M 
those  of  Ava.  These  hills,  which  are  called  A( 
Sivalik,  (from  Siva,  an  Indian  deity,)  rise  to 
altitude  of  from  one  to  three  thousand  feet  ab 
the  level  of  the  sea.  In  these  deposits  occur 
mense  quantities  of  fossil  teeth  and  bones  ot 
elephant,  mastodon,  hippopotamus,  rhiuocerosi 
ox,  horse,  deer ;  and  of  several  carnivorous  ani 
crocodiles,  gavials,  and  freah-water  turtles  j  w 
fluviatile  shells,  and  remains  of  fishes ;  an  extii 
species  of  monkey,  and  of  the  camel  have  also  bi 
found.  These  interestiog  discoveries  n'ere  made  b]|l 
Captain  Proby  Cautley,  of  the  Bengal  artillery, 
Dr.  Falconer,  who,  with  an  energy  and  perseri 
beyond  all  praise,  liave  followed  out  their 
and  transmitted  magnificent  collections  of  these 
mains  to  England.     The  valuable  speeimena  in  _  ^ 

■  See  a  Memoir  on  Ihe  Bones  from  Aia,  by  Dt.  Biic1da» 
Geol.  Trans,  vol.  ii.     New  Series. 

t  From  HisB,  an  Indiui  deiLj,  and  thtrion,  wiU 
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mttBeum.  were,  with  great  liberality,  sent  to  me  by 
C^piiaiii.  Cautley;  among  them  you  may  observe 
beuea  and  teeth  of  the  same  species  of  mastodon  as 
that  which  has  been  found  at  Ava ;  with  bones  of 
^  horse,  rhinoceros,  hippopotamus,  gavial,  and  a 
fine  akuH  of  the  fossil  elephant,  with  four  teeth 
perfect  and.  in  place.  But  the  labours  of  these 
naturalists  have  been  yet  more  richly  rewarded  by 
the  discovery  of  the  skull,  and  other  parts  of  the 
sk^ton,  of  a  creature  hitherto  unknown ;  one  that 
forms,  as  it  were,  a  link  between  the  ruminants  and 
the- large  pachydermata.  From  the  skull,  which  is 
remarkably  well  preserved,  it  is  ascertained  that 
the  animal  had  four  horns,  and  was.  furnished  with 
a  proboscis ;  that  it  was  larger  than  a  rhinoceros^ 
and  combined  the  horns  of  a  ruminant,  with  the 
characters  of  the  pachydermata;  the  discoverers 
have  named  it  Sivaiherium,  This,  animal,  when 
living,  must  have  resembled  an  immense  antelope, 
or  gnu ;  with  a  short  and  thick  head,  an  elevated 
cranium,,  crested  with  two  pairs  of  horns;  the  front 
pair  were  small,  and  the  hinder  large,  and  set  quite 
behind,  as  in  the  aurochs.  With  the  face  and 
figure  of  the  rhinoceros,  it  must  have  had  small 
lateral  eyes,  great  lips,  and  a  nasal  proboscis ;  these 
inferences  have  been  deduced  from  certain  anato- 
mical characters  exhibited  by  the  fossil  bones>  but 
upon  which  I  cannot  enlarge. 

2S.    The  meoatherivm.      {Mega^  great,  and 
therion^  wild  beast) — The  Pampas,  those  immense 
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plains  of  South  America^  on  the  south  bank  of  the 
riyer  Saladillo,  ivhich  present  a  sea  of  waving  goii 
for  900  miles,  are  principally  composed  of  allnvipl 
loam  and  sand,  containing  fresh-water  with  suum 
shells,  and  were  once,  like  Lewes  Levels,  a  gnl^  ^ 
arm  of  the  sea.   In  these  allavial  deposits,  enormqus 
bones  have  been  frequently  discovered.     Towa|4* 
the  close  of  the  last  century,  an  almost  entiie  a||fe- 
leton  of  a  gigantic  animal  was  dug  up,  at  the  dq^ 
of  100  feet,  in  a  bed  of  clay,  on  the  banks  of  the  river 
Luxor,  about  four  leagues  W.S.W.  of  Buenos  Ayies. 
This  skeleton  was  sent,  in  1789,  to  the  museuDyat 
Madrid,  where  it  now  remains.    It  is  described. loid 
figured  by  Cuvier,  under  the  name  of  the  fMgalhh 
rium.    In  1832,  Sir  Woodbine  Parish,  with  con- 
siderable labour  and  expense,  collected  many  parts 
of  the  skeleton  of  a  similar  creature  from  the  Salado; 
and  actually  diverted  for  a  time  the  river  from- its 
course,  that  he  might  disinter  these  precious  reUcs, 
which  he  has  since   deposited  in  the   Hunterian 
Museum  of  the  Royal  College  of  Surgeons*     But, 
before  I  enter  upon  a  description  of  these  fossils,  it 
will  be  requisite  to  notice  the  remains  of  an  animal 
of  analogous  structure,  which  has  been  discovered 
in  the  saltpetre  caves  of  Virginia  and  Kentucky, 
and  which,  from  the  size  of  the  unguical  or  daw- 
bones,  has  been  named  the  megahnyx. 

24.  The  megalonyx.* — I  have  placed  upon  the 

*  MegOi  great ;  onyXf  claw.  See  a  '*  Description  of  the 
Fossil  Bones  of  the  Megalonyx/'  in  Dr.  Harlan's  Medical  .and 
Physical  Researches. 


models  of  all  the  bones  which  are  now  pre- 
ferred in  the  mnseum  of  Philadelpliia,  for  which  I 
indebted  to  an  emiaent  pbyaiciao  and  geologist 
V  that  city,  Dr.  S.  G.  Morton,  ihe  author  of  the 
^OaSt  valuable  treatise  that  liaa  appeared  on  the 
■ftssila  of  the  United  States.*  The  late  American 
'President,  Jefferson,  who  first  described  these  re- 
iiains,  inferred,  from  the  form  and  magoitude  of 
fee  claw-bone,  that  the  original  was  a  carnivorous 
viinial  of  colosaal  proportions.  But  Cuvier,  by  his 
^found  knowledge  of  the  principles  of  anatomy, 
letermined,  from  certain  characters  of  the  articu- 
^  SDrfaces,'!'  that  the  animal  was  related  to  the 
'vn^^ui,  or  sloth.  I  will  endeavour  briefly  to 
^tfdftin  to  you  the  mode  by  which  this  induction 
^ina  obtained.  The  paws  or  feet,  both  of  the  canine 
tud  feline  tribes,  are  armed  with  claws  ;  in  the  for- 
mer, tbe  naib  are  thick  and  coarse  as  in  the  dog, 
Wolf,  &e.  and  fitted  to  bear  the  friction  and  pressure 
larident  to  a  long  chase ;  while  in  the  cat  tribe,  on 
Itie  contrary,  they  are  curved  and  sharp,  which 
gnalities  are  preserved  by  a  peculiar  mechanism. 
She  last  bone  which  supporta  the  claw  is  placed 
Kendly  to  the  penultimate  bone,  and  is  so  joined 
B  it  that  an  elastic  ligament  draws  it  back,  and 
bbes  the  sharp  extremity  of  the  elaw  upwards ; 

I  •  SjTiopais  of  the  FoEsils  of  fho  Cretaceous  Group  of  the 
Tnited  Sutes,  b;  S,  G.  Morton,  ^[.D.  &c. 
+  Thai  surface  of  the  bono  which  forms  a  joint  with  aoolbei 
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and  the  nearer  eztremitj  o£  the  hxOumk:  .hmi 
pretsea  the  ground  in  the  ordinary  numingiofiilit 
aAiwalf  while  the  daw  is  retraoted.  inta  a.iifeiMrthir 
hut  when  the  creature  makes  a.  spiiQg 
the  daws  are  uneased  hy  the.  action  o£  thai 
or  hending  tendons.  la  the  Bengal  tigert.  ihm 
are  so  sharp  and  stn>ng»  and  the  arms  so  jpMurfUl 
that  they  haare  been  known  to  fracture  die  sljdi  rf 
a  many  by  a  single  touch  in  the  act.  o£  leaf^ingisfip 
him.*  A  cat  affords  a  familiar  illnatratioiL  oCtttia 
peculiarity  of  structure;  when  pleased^  its  dava^Hi 
retracted,  and  when  angry  they  are  thrown:  Mfe 
In  the  daw  of  the  megalonyx  there  is  no  miA  httnl 
provision  for  its  retraction,  and  the  point  oooU-art 
have  been  raised  verticaUy,  as  in  the  cat,  so  aa  i» 
haye  permitted  it  to  touch  the  ground  without 
injury.  The  articulating  surface  is  double^  that  is, 
there  is  a  ridge  or  spine  in  the  middle,  and  it  must, 
therefore,  have  moved  like  a  hinge. 

25.  The  sloth. — There  is  among  recent  ani^^ 
mals  an  prder  called  tardigrada^  from  their  feeble 
power  of  progression — these  are  the  paresseux^  or 
sloths;  which  have  long  toes,  and  large  nails,  of=a 
construction  similar  to  those  of  the  fossil.  Their 
nails  are  folded  up,  but  in  a  very  different  maancar 
from  those  of  the  cat ;  they  only  enable  the  animal 
to  walk,  in  the  same  way  as  if  our  fingers  were 
folded  under  the  palms  of  the  hands.     This  is  a 

•  Sir  C.  Bell. 
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gpeeimen  of  the  bradypns  (slow-footed)  tridaclfflus, 
(three-toed)  from  South  America,  and  which  is 
alBO  called  the  ai,  from  its  peculiar  cry.  The  arms 
are  double  tlie  length  of  the  legs,  and,  from  the 
conetructioD  of  the  limbs,  the  animal,  when  it  walks, 
or  rather  crawls  on  the  ground,  19  obliged  to  drag 
itself  along  011  its  elbows.  But  these  creatures  are 
destined  to  inhabit  trees ;  their  proper  element  is 
on  the  branches,  and  they  can  pass  from  bough  to 
bough,  and  from  tree  to  tree,  with  a  rapidity  which 
eoon  enables  them  to  lose  themselves  ia  tlie  depths 
of  the  forests.  Tliey  live  on  the  leaves  and  the 
yoang  shoots,  and  unless  disturbed,  never  quit  a 
tree  till  they  have  stripped  off  every  leaf.  To  avoid 
the  labour  of  a  descent,  they  drop  to  (he  ground, 
previously  coiling  themselves  into  a  round  ball,  in 
which  state,  while  attaclied  to  the  brancli,  tliey  may 
be  taken  alive.  Thus  the  habits  and  economy  of 
the  sloth  point  out  the  necessity  for  a  peculiarity 
of  etructure  in  its  nails.  The  monkey  leaps  and 
HwingB  himself  from  tree  to  tree,  and  catches  at  will 
the  branches  or  the  trunk ;  but  the  sloths  do  not 
^rosp  ;  their  claws  are  mere  hooks  to  hong  by,  and 
their  great  strength  is  in  their  arms.  They  never 
aaflx  one  set  of  hooks  until  they  have  caught  a 
fecure  hold  witii  the  other,  thus  hanging  by  their 
arms  and  legs,  while  their  bodies  are  pendant ;  and 
they  sleep  in  the  same  position.  In  the  bones  of 
the  arm  of  the  megahnyx,  we  find  a  close  analogy 
with  those  of  the  sloths.     The  humerus,  or  arm- 
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bone,  has  a  long  mternal  condyle  for  the  oTiginof 
very  large  muscles  to  move  the  enormous  clemf 
and  there  is  a  foramen  or  opening  for  the  pafsi^ 
of  nerves  and  blood-vessels,  to  protect  them  fn* 
the  pressure  to  which  they  would  be  exposed  frwi 
the  powerful  muscular  action ;  while  the  radius  it 
so  constructed  as  to  allow  of  a  rotatory  motiui  tit 
the  arm.  With  the  bones  of  this  animal  weK 
found  masses  of  osseous  polygonal  scales,  lib 
mosaic  work ;  and  it  is  supposed  that  the  originil 
was  covered  with  an  armour  resembling  that  of  the 
armadillo. 

I  now  proceed  to  the  consideration  of  the  mega- 
therium. This  creature  was  about  seven  feet  high, 
and  nine  feet  long,  and  therefore  larger  than  the 
largest  rhinoceros;  but  this  comparison  by  no  meoiw 
conveys  a  proper  idea  of  its  bulk,  since  its  propor- 
tions are  perfectly  colossal,  the  thigh-bone  being 
three  times  as  large  as  that  of  the  elephant,  and  the 
pelvis  or  haunch-bone,  twice  the  breadth.  It  pos- 
sessed no  incisor  teeth,  and  the  molars  or  grinders 
are  seven  inches  long,  of  a  prismatic  form,  and,  like 
those  of  the  elephant,  composed  of  ivory,  enamel,  and 
emsta  petrosa,  or  cement.  They  are  so  formed,  that 
the  crown  of  tlie  teeth  always  presents  two  catting, 
wedge-shaped,  salient  angles.  As  in  an  adze  a  plate 
of  ateel  is  placed  between  two  of  iron  so  aa  to  pro- 
ject in  a  line,  in  like  manner  these  teeth  have  in  the 
centre,  a  cylinder  of  ivory,  which  is  protected  by.» 
plate  of  enamel,  and    has  an  external  coating 
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crusta  petrosa  ;  these  teeth  are,  therefore,  admirably 
adapted  for  cutting  and  bruising  vegetable  matter. 
The  eDtire  fore-foot  is  about  a  yard  in  length,  and 
the  daws  are  set  obtiquyly  to  the  ground,  like  those 
of  the  mole ;  a  position  which  would  render  them 
digging  instruments  of  great  power.  The  pelvis 
measures  five  feet  in  width,  and  the  sacral  aperture 
o€  the  apinal  marrow  \a  one  foot  in  circumference  I 
Tlkb  enormous  size  was  suitable  to  the  habits  of  an 
animal  requiring  to  maintain  an  upright  posture 
for  a  considerable  time,  and  to  employ  its  fore-feet 
in  digging.  As  Dr.  Buckland  has  fully  eluci(late<l 
the  structure  and  habits  of  this  enormous  being  of 
the  ancient  world,  and  his  work  is,  or  ought  to  be, 
in  every  library,  I  will  not  dwell  on  other  impor- 
tant peculiarities  in  its  osteology,  but  content  myself 
with  stating,  that  the  megaloni/x  and  megatherium 
were  intermediate  between  the  sloths,  armadillos, 
and  ant-eaters.  The  megatherium,  with  the  head 
and  shoulders  of  the  sloth,  combined  in  its  legs  and 
feet  an  admixture  of  the  characters  of  the  armadillo 
aod  ant-eater.  Both  the  megalonyx  and  mega- 
llierium    were    herbivorous,    but    they    were    not 

'  ciq>able  of  climbing,  even  had  there  been  trees 
.tiiat  could  have  supported  their  enormous  weight: 
Adr  food,  like  that  of  the  armadillo.^,  must  have 

'  ooBsisted    of  roots  and  stems  of  succulent  vege- 

'  tables,  which  the  peculiar  structure  of  their  feet 
enabled  them  to  dig  up  with  facilitj-.     Like  their 

r  receBt  types,  they  are  limited  in  their  geographical 
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difltribntion  to  nearly  the  same  regtons  of  the  wsw 
world.* 

The  skeleton  of  another  colossal  quadruped  has 
very  recently  been  discovered  near  Buenos  Aym» 
«nd  will  shortly  be  placed  in  the  Hunterian  Ma- 
seam,  through  the  liberality  of  Sir  Woodbiite 
Parish.  The  original  was  of  the  size  of  an  ox,  ad 
covered,  like  the  armadillo,  by  an  armour,  formed 
of  polygonal  scales.  From  the  fluted  structure  of 
the  teeth,  this  animal  has  been  named  glypiodm^ 
by  Professor  Owen. 

26.  Fossil  hippopotamus,  rhinoceros,  etobss, 
&c. — With  the  fossil  remains  of  the  mammoth,  ele- 
phant, and  other  large  mammalia,  the  teeth  and 
bones  of  several  species  of  hippopotamus,  horse, 
elk,  ox,  and  auroch,  are  very  commonly  associated. 
In  the  Vale  of  Arno,  in  Italy,  immense  quantities  of 
the  teeth  and  bones  of  hippopotami  are  found.  On 
the  table  before  us  are  specimens  from  that -locality; 
as  well  as  molars  and  incisors  of  a  young  animal 
from  Huntingdonshire,  presented  by  Mr.  Saull ;  and 
tusks,  teeth,  and  bones,  dug  up  in  alluvial  marl,  at 
Southbourn,  in  Sussex.  Bones  of  this  animal  also 
occur  in  alluvial  deposits  near  Rome  ;  and  here  are 
examples,  collected  by  the  Marquis  of  Northampton. 
Among  the  objects  sent  me  by  Captain  Cautley, 
from  India,  are  several  fine  portions  of  jaws,  with 
teeth,  belonging  to  a  hippopotamus  (ZT.  SivaHensis,) 
Several  extinct  species  of  hippopotamus  have  been 
•  See  Dr.  Buckland's  Bridgewater  Essay. 
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I  detennined  by  Baron  Cuvier,  one  of  which  was  not 

more  than  half  the  size  of  the  common  species. 

The  bones  and  teeth  of  the  rhinoceros  are  oon- 

tUatly  associated  with  those  of  the  fossil  elephant ; 

i  Ud  in  this  country  they  occur  in  superficial  gravel 

I  ud  loam :  these  examples  of  teeth  were  discovered 

abedof  gravel,  on  Petteridge  common,  in  Surrey. 
f  Bat  the  most  extraordinary  and  interesting  fact, 
relating  to  the  fossil  rhinoceros,  is  the  discovery  of 
the  entire  carcass,  with  the  skio,  in  frozen  sand,  on 
the  banks  of  the  Wilaji,  in  Siberia.  The  head  waa 
extremely  large,  and  sustained  two  very  long  horns ; 
It  had  no  incisors ;  the  body  was  covered  with 
broKii  hair,  particularly  on  the  limbs ;  and  the 
general  form  of  the  animal  was  lower  and  more 
compact  than  the  living  species. 

The  teeth  and  bones  of  one  or  more  species  of 
horse,  occur  very  constantly  with  those  of  the  large 
extinct  pachydermata ;  in  these  examples  of  the  con- 
glomerated shingle  from  Brighton  cliffs,  the  coffin, 
pastern,  and  cannon  bones,  "s  they  are  termed, 
are  imbedded ;  in  some  instances  the  cavities  of  the 
loDg  bones  are  tilled  with  crystallized  carbonate  of 
lime. 

In  addition  to  the  animals  we  have  already 
noticed,  the  deposits  now  under  examination  con- 
tain many  lost  species  of  ruminants,  and  of  other 
orders  of  mammalia.  The  fossil  remains  of  an 
animal  resembling  the  musk-ox  were  found  with 
elephants'  bones  in  Siberia ;  an  estinct  species  of 
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fallow-deer  in  Scania;  of  roe-buck  and  reiodeeril 
Trance ;  and  of  gigantic  oxen,  aurochs,"  deer,  &c.ill 
our  own  country.  It  is  worthy  of  remark,  that  tl 
fossil  pachydermata,  sucli  aa  the  elephant,  rliinl 
ceros,  &c.  belong  to  genera  which  inhabit  tore 

climes,  while  the  ruminants  are  of  those  i 

the  present  time  are  natives  of  northern  latitude! 


27.  The  DiNOTHERiuM.f— I  shall  conclude  It 
remarks  on  the  large  mammalia  with  the  description 
of  B  gigantic  creature  of  a  very  peculiar  character, 
whose  bones   occur  with  those  of  the  mastodon 
elephant,  and  other  animals  which  we  have  ft 
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of  wild  bull  or  boffiJo,  i 
The  horns  of  the  fassil  ox  arc 
Mr.  Parkinaon  had  a  pair  in 


f  Diaai,  terrible  j  therk 
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mined,  aa  well  as  with  the  remains  found  in 
■e  sncient  deposits.  In  various  parts  of  the 
■ODth  of  France  large  molar  teeth,  resembling  in 
their  form  and  structure  the  teeth  of  tapirs,  have 
oeeosionally  been  found ;  they  are  described  by 
CuVier  under  the  name  of  the  "  Gigantic  Tapir." 
Models  of  the  principal  specimens  deposited  in  tlie 
Museum  at  Paris,  have  been  presented  to  me  by 
Baron  Cuvier,  together  with  others  which  I  shall 
place  before  you  on  a  future  occasion.  Subsequent 
discoveries  in  Bavaria,  Austria,  and  particularly  at 
Eppetsheim,  about  twelve  leagues  south  of  Mayence, 
have  made  us  acquainted  with  the  form  and  struc- 
ture of  the  original,  which  appears  to  have  been 
one  of  the  largest  of  lacustrine  animals,  the  skeletons 
showing  that  some  individuals  were  eighteen  feet  in 
length  t  The  scapula,  or  shoulder-blade,  was  like 
that  of  the  mole,  and  the  fore  leg  must  therefore 
bave  been  adapted  for  digging  up  the  earth.  The 
noBt  extraordinary  deviation  from  ordinary  types 
consists,  however,  in  the  curved  tusks,  which  are 
fixed  in  the  lower  jaw  in  a  downward  direction,  as 
those  of  the  walrus  are  in  the  upper ;  the  lower 
jftH  is  four  feet  iu  length.  From  the  structure  of 
the  anterior  portion  of  the  cranium,  and  the  dis- 
position of  the  nasal  fosss,  it  is  certain  that  the 
oretture  had  a  proboscis ;  besides,  it  possesses  no 
incisor  teeth  with  which  to  seize  its  food,  and  the 
jaws  do  not  even  close  together  in  front.  The 
tasks    were    probably    weapons   of    defence,   like 
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thoso  of  the  elephant.  This  drawing,  (Tab.27,)i] 
from  a  restoration  by  M.  Kaup,  i 
naturalist,  represents  the  supposed  form  of  the 
giaal  creature.  It  would  appear  that  the  dintt 
therium  was  nearly  related  to  the  hippopotamUt 
forming  a  link  between  the  cetacea  and  pachyder 
mata,  or  large  terrestrial  mammalia ;  and  that  it 
was  an  herbivoroua  aquatic  animal,  inhabiting  lakes 
and  maralieB. 

28.  Fossil  cahnivora  in  caverns. — We 
have  passed  in  review  the  extinct  population  of  t. 
remote  period  of  our  globe, — those  enormous  pachy* 
dermata,  the  mastodons  and  mammotlis,  that  li£ 
buried  in  the  alluvial  and  superficial  strata.  ^ 
now  arrive  at  the  consideration  of  phenomena 
less  interesting^the  occurrence 
bers  of  skeletons  of  carnivorous  animals 
and  caverns.  In  the  former  discourse  I  alludi 
the  cavities  which  abound  in  certain  rocks  of  li 
stone,  and  described  the  process  by  which 
roofs,  floors,  and  walls  were  coated  with  aj 
incrustations,  and  ornamented  with  stalactites 
stalagmites  (p.  62).  Some  of  these  caverns  appedr 
to  have  been  occasioned  by  the  destruction  of  the 
softer  portions  of  the  rock  by  subterranean  streams ; 
others  are  so  extensive,  and  present  such  decided 
marks  of  angular  fracture,  as  to  leave  no  doubt  that 
they  have  been  produced  by  the  shocks  of  earth- 
quakes.  The  occasional  occurrence  of  the  bona^. 
of  animals  in  such  cavities  might  reasonably 
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Tliose  that  admitted  of  easy  access  from 
(nt,  miglit  be  frequented  by  species  whose 
I  lead  them  to  retire  into  dark  and  secret 
;  while  others,  as  kids,  deer,  &c.  might  fall 
I  bio  open  fissures,  and  their  bones  thus  become 
enveloped  and  preserved  in  calcareous  incrusta- 
lioDB,  But  the  immense  quantities  of  only  one 
or  two  species  of  carnivora  that  are  fonnd  in  some 
cavems,  show  that  these  have  been  for  a  long  period 
tie  dena  of  extinct  species  of  bears,  wolves,  tigers, 
hyenas,  and  other  carnivorous  tribes. 


29.  Cave  or  Gatlenreuth. — For  many  cen- 
turies, certain  caverns  in  Germany  have  been  cele- 
brated for  their  osseous  treasures,  particularly  those 
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in  Fraoconia :  Ihe  most  remarkable  is  that  i 
Gaylenreutli,  which  lies  to  the  nortb-west  ofil 
village,  ou  the  left  bank  of  the  river  Wiesent. 
entrance,  which  is  about  seven  feet  high,  is  in  tl 
face  of  a  perpendicular  rock,  and  leaiJa  to  a  ■ 
of  chambers  from  fifteen  to  twenty  feet  high,  tl 
several  hundred  feet  in  extent,  termioated  bflfl 
deep  chasm,  which,  however,  baa  not  escaped  tfn 
ravages  of  visitors.  This  cavern  is  perfectly  dtilr 
and  the  icicles,  or  pillars  of  stalactite,  reflected  t^ 
the  torches  which  it  is  necessary  to  use,  preMDt-t 
highly  picturesque  and  striking  effect  The 
is  literally  paved  with  bones  and  fossil  teeth; 
the  pillars  and  corbels  of  stalactite  also  contliD 
osseous  remains.  Loose  animal  earth  abounding  in 
bones,  forms  in  some  parts  a  layer  ten  feet  in  thick- 
ness. A  graphic  description  of  this  cave  WU 
published  by  M.  Esper,  more  than  sixty  years  igO; 
at  that  [icriod,  some  of  the  innermost  receaWs 
contained  waggon  loads  of  bones  and  teeth ;  some 
imbedded  in  the  rock,  and  others  in  the  loose  eartii. 
The  bones  in  general  are  scattered  and  broken,  but 
not  rolled ;  they  are  lighter  and  less  solid  thia 
recent  bones,  and  are  often  iucrusted  with  staUtv  ^ 
tite.  Tlirough  the  kindness  of  Lord  Cole,  and  Sir  I 
Philip  de  M.  Grey  Egerton,  1  am  able  to  iUustrste 
these  remarks  by  an  extensive  suite  of  osseous 
remains,  exhumed  from  the  deepest  recess  in  the 
cavern,  and  collected  a  short  time  since  by  these 
distinguished  geologists.     But  the  most  intereating 


k_^ 


.  CAVE  OF  BAYLEHREUTH. 


M  ipecitaen  ia  mj  possession  is  a  remarkably  perfect 
I  AM  of  a  bear,  which  belouged  to  my  late  frieod 
Ht.  Parkinson,  the  author  of  that  delightful  work, 
"The  Organic  Remains  of  a  Former  World."  A 
comparison  of  this  relic  with  the  skull  of  the  polar 
bear,  shows  that  it  must  have  belonged  to  a  species 
trfus.*  Cuvier,  who  enjoyed  the  opportunity 
of  examining  a  very  large  collection  of  bones 
from  Gaylenreuth,  was  enabled  to  determine  that 
at  least  three- fourths  of  the  osseous  contents  of  the 
caverns  belonged  to  some  species  of  bear;  and  the 
remaining  portion  to  hyenas,  tigers,  wolves,  foxes, 
lIuttoDs,  weasels,  and  other  small  carnivora.  By 
the  bones  which  were  referable  to  the  bear,  he 
established  three  extinct  species  of  that  genus ; 
tfaC'largest  of  these  has  a  more  prominent  forehead 
than  any  living  species,  and  is  called  the  Vraus 
^liEUS,  or  bear  of  the  caverns,  and  it  ia  to  this 
species  the  skull  I  have  just  mentioned  belongs;  the 
other  has  a  flatter  forehead,  and  has  been  named 

Il/rsus  aretoidmus.  The  hyena  was  allied  to  the 
spotted  hyena  of  the  Cape,  but  differed  in  the 
form  of  its  teeth  and  head,  Bones  of  the  elephaut 
and  rhinoceros  are  also  said  to  have  been  dis- 
>      ixivered,  together  with  those  of  existing  animals, 

I  •  Their  Royal  Highnesses  the  Princes  George  of  Cumberland 

and  Cambridge,  when  inspecting  my  collectioa  a  few  years 

I       dnee,  >t  Lenes,  pointed  out  this  skull  to  me  ss  rcsenibliiig 

I       Mms  fossils  that  had  been  csbumed  from  sfiesure  in  limcitone, 

in  the  kingdom  of  Hsnover. 
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and    frngiuents   of  sepulchral  urns  of  high  aalli 

SO.  Forster's  Hohle. — Another  cave 
part  of  Germany  is  mentioned  by  Dr.  Bucklsiid,4l 
one  of  the  most  remarkable  for  the  beauty  of  it 
incrustations.    It  is  called  Forster's  Hohle,  and  vi 
in  height  from  ten  to  thirty  feet ;  its  greatest  v 
s  about  ten  yards.     In  the  side  vaults  or  reces 
tfhich   descend,    at  an    angle   of  about  forty-M 
degrees,  into  tlje  main  chamber,  the  stalagmite  hi 
formed  the  appearance  of  cascades  of  pure  alabastot  1 
the  waves  of  which  seem  to  be  rushing  out  at  the  I 
bottom,  to  pour  themselvca  into  the  stagnant  IkLs 
of  the  same  substance  which  covers  the  floor.     The 
rocky  roof  liDs  been  corroded  into  deep  cavities, 
which  are  separated  by  partitions  of  every  con- 
ceivable form  and  tenuity,  giving  it  the  appearance 
of  the  richly  fretted  gothic  roof  of  a  chapel,  with 
pendent  corbels.      Beautiful  stalactites  depending 
from  these  projections,  reach  almost  to  the  floofyi  1 
and  contribute  by  their  delicacy  and  transpareiK 
to  throw  additional  richness  over  the  scene- 
It  is  certainly,  as  M.  Cuvier  remarks,  a 
eKtraordiiiary  fact,  that  caves,  spread  over  an 
of  two   hundred   leagues,  should   have  the    BaM 
osseous  contents.     The  relative  proportioDs  o 
different  species  are  computed  to  be  as  follo" 
three-fourths  belong   to  bears — two-thirds  ol 
remainder  to  hyenas — and  a  small  number  to  t 
tiger  or  lion,  and  to  the  wolf  or  dog ;  rolled  pebfalllfl 
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of  ft  greyish  blue  marble  are  the  only  extraneous 
taterialB  found  with  the  bones.  Let  me  here  call 
jDur  attention  to  the  singular  aeaociation  of  i^peciea 
■bicli  some  of  these  caves  present ;  their  recent 
l^es  being  widely  separated.  Thus  iii  one  cavern, 
uimuda  allied  to  the  spotted  hyena  of  the  Cape  of 
Good  Hope,  are  collocated  with  the  remains  of 
otherg  related  to  the  glutton,  which  inhabits  Lap- 
Und;  and  in  another,  bones  of  the  rhinoceros  are 
SMOoiated  with  those  of  the  reindeer.  Numerous 
nvGB  containing  osseous  remains  are  scattered  over 
I  the  coDtioents  of  Europe  and  America ;  and  even 
in  Australia,  fossil  bones  belonging  to  auimals  of 
liifferent  genera,  but  in  a  similar  state  of  preserva- 
tipD,  are  found  in  caverns. 

31.  Bone  caverns  in  England — Kirkdale 
CAVE. — In  England  caverns  containing  bones  of 
lltarB,  and  other  cainivora,  in  every  respect  analo- 
gOOB  to  those  of  Germany  which  we  have  just 
described,  have  been  discovered  and  explored. 
Dr.  Buckland,  in  his  valuable  work,  the  Heliguia 
Piluviants,  has  noticed  several  of  the  most  impor- 
tUt  assemblages  of  this  kind.  The  cave  of  Kirk- 
Ue,  now  so  well  known  in  consequence  of  the 
iJghly  interesting  disquisition  on  its  contents  by  my 
btinguiahed  friend,  is  one  of  the  most  celebrated. 
ill  the  sutnmer  of  1821,  a  cave  was  discovered  near 
Cirkd ale,  about  twenty-five  miles  NN.E.  ofYork, 
fe  &  bank  about  sixty  feet  above  the  level  of  a  small 
(BlWf]  iui^  near  a  public  road.      Sonio  workmen 
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who  were  quarrying  stone,  cut  across  the  nan 
moutli  of  a  chasm,  which  had  been  choked  up  « 
rubbish,  and  overgrown  with   grass   aud   busb 
and  which  from   thia  cause,  as  well    as  from  j( 
inaccessible  situation,  had  hitherto  escaped  o 
vation,  the  entrance  being  so  small  that  it  w 
possible  for  a  person  to  enter   in  a  bent  p 


The  passage  is  exceedingly  irregular  in  its  dimeo- 
sions,  varying  from  two  to  seven  feet  in  breadth, 
and  from  two  to  fourteen  feet  in  height ;  its  greatest 
length  is  21^  feet.  It  divides  into  several  smaller 
*  From  Dr.  Buckluid'i  Beliq.  Diluv. 
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IB,  wliicli  have  oot  yet  been  explored,  as 
Ley  are  nearly  closed  by  stalactital  coiicrettons ; 
Qiese  cavities  occur  ivhere  the  roof  is  intersected 
Uy  fiESUres,  which  are  continued  for  a  few  feet,  but 
'wee  gradually  lost  in  the  superincumbent  limestone, 
thickly  lined  with  stalactites,  The  true 
4ooT  was  only  seen  near  the  entrance,  for  in  the 
interior  the  whole  was  covered  with  a  bed  of  har- 
dened mud  or  clay,  about  a  foot  in  average  thickness. 
The  surface  was  perfectly  smooth  and  level  when 
I  the  cave  was  first  opened,  except  where  stalagmites 

!had  formed  upon  it  by  infiltration  from  the  roof. 
Where  stalactitic  matter  iucrusted  the  sides,  it  also 
extended  over  the  bottom  hke  a  thin  coat  of  ice; 
KDd  therefore  must  have  been  formed  since  the  mud 
was  introduced.  This  mud  or  clay  was  filled  with 
fragments  of  bones  belonging  to  a  great  variety  of 
animals ;  and  some  of  the  bones  exhibited  marks  of 
'having  been  gnawed.  From  many  corroborative 
circumstances  these  appearances  are,  with  much 
jrobability,  supposed  to  have  been  occasioned  by 
liyenas.  The  bones  thus  preyed  upon  belong  to 
the  tiger,  bear,  wolf,  fox,  weasel,  elephant,  rhino- 
jCeros,  hippopotamus,  horse,  ox,  and  deer.  Bones 
of  a  species  of  hare  or  rabbit,  water-rat,  and  mouse, 
''li^h  fragments  of  the  skeletons  of  ravens,  pigeons, 
i^b,  and  ducks,  were  also  imbedded  with  these 
'Ve  mains. 


From    these   facts  it  is  inferred  that   the   cave 


linw  iobabited  by  byenas  for  a  considerable  period, 
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that   many  of  the  remaina  found  there  i 
species  which  had  been  carried  in,  and  devoitf 
by  those  animals,  and  that  in  some  instancea  tl 


hyenas  preyed  upon  each  other.  Portions  of  d 
phants'  bones  seem  to  show  that  occasionally  tl 
large  mammalia  also  served  as  fuod  ;  but  it  1 
probable  that  many  of  the  smaller  animals  weS 
drifted  in  by  currents,  or  fell  into  the  chas 
through  fissures  now  closed  up  by  stalactiticBl  i 
crustations. 

Kents  Cave,  near  Torquay,  which  is  nearijp"' 
600  feet  in  length,  has  yielded  immense  quantities 
of  bones  of  cornivora ;  and  in  the  Isle  of  Portland, 
at  Plymouth,  and  in  the  Mendip  Hills,  similar 
accumulations  have  been  found.  In  the  south-east 
of  England  but  one  instance  is  known ;  a  fissure  in 
tiie  sand-rock  at  Boughton  Quarries,  near  Maid- 
stone, contained  the  jaw  and  bones  of  a  hyei 
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!  now  ia  the  muaeiim  at  Oxford.     This 

t  proves  the  existence  of  the  same  eonditioii  of 

[  uimUed  nature  in  this  part  of  our  island,  as  in  the 

J  dirtricts  previously  mentioned.      Very  recently  a 

Mve  has  been  discovered  near  Plymouth,  in  which 

bones  of  hyenas  were  found  in  abundance,  associated 

with  those  of  the  elephant,  rhinoceros,  horse,  ftc> 

From  what  has  been  stated,  we  learn  that  our 

wastes  and  forests  were  once  inhabited  by  extinct 

catnivora,  belonging  to  genera  whose  recent  species 

arc  almost  entirely  restricted  to  southern  climates ; 

^that  these  lived  and  died  for  successive  gene- 

rstioQs,  and  were  the  prey  or  the  destroyers  of  each 

odier; — that  the  hyenas,  according  to  their  peculiar 

iitints,  dragged  into  their  dens  the  creatures  which 

Ihey  killed  or  found  dead,  and  devoured  them  at 

iJeuure; — that  subsequently  the  races  were 

i  succeeded  by  animals  of  a 

r  altogether  different. 

is.  Diseased  bones  of  carnivora  found  in 

CAVES. — Amoug  the  bones  found  in  the  caves  of 

Germany  are  many  in  a  condition  which  must  have 

resulted  from  accident  or  disease.     In  some  there 

has  been  a  formation  of  new  bony  matter  to  repair 

fractures;  in  others  there  is  anchylosis,  or  adhesion 

of  the  joints  from  inflammation  ;  while  in  some  the 

effects  of  caries,  or  decay  of  the  bones,  tlie  result  of 

tedious  and  painful  diseases,  are  apparent.     Others 

have  a  light  and  spongy  character,  and  arc  very 

fragile)  which  must  have  arisen  from  a  want  of 
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energy  in  the  nutritive  system,  in  ooii8eq«enc»:«f 
a  scrofulous  affection.*  r  j'\>. 

S3.    HUMAH    BONKS,    AHD    WORKS    OF   AAll^.'DI 

CA VKRNS. — ^Bones  of  man,  and  fragments  of  aamUt 
pottery,  have  been  found  in  caves,  botk  iftJfjBMli 
and  Germany;  a  circumstance  perfectlf  JMmA 
since  we  are  well  aware  that  mankind,  in  •a.nsle 
state*  have  been  in  the  habit  of  living  in  eave^npd 
traces  of  their  having  inhabited  recessesy  whUi 
had  previously  been  the  retreat  of  wild  animji: 
were  therefore  to  be  expected.     But  as  boaes:  ff 
extinct  animab  occurred  with  them,  it  was  niiUj 
assumed  that  they  were  coeval  with  each  odMr; 
more  accurate  observations  have,  however,  sliown 
that  the  human  remains  were  introduced  at  a  ssb- 
sequent  period.     We  have  historical  proof  that  the 
early  inhabitants  of  Europe  often  resided,  or  sought 
shelter  in  caves.     Thus  Florus  records,  that  Cssasr 
ordered  the  inhabitants  of  Aquitania  to  be  inclosed 
in  the  caverns  to  which  they  had  retired.     Many 
tribes  of  the  Celtic  race  occupied  these  subterranean 
retreats,  not  only  as  a  refuge  in  time  of  war^  but 
also  for  shelter  from  cold ;   as  magazines  for  their 
corn,  and  for  the  produce  of  the  chase;   and  as 
places  of  concealment  for  the  animals  which  they 
had  domesticated.     The  bones  of  such  of  these 
people  as  perished,  or  were  buried  in  these  caverns, 

•  Professor  Walther,  on  the  antiquity  of  diseases  oif  bones; 
see  Professor  Jameson's  Cuvier's  Theory  of  the  Earth;  Edm. 
1827. 
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would  become  blended  with  the  mud,  gravel,  anjll 

debris  of  the  onimala  already  entombed  ;  and  a 
ttalagmitical  pa«te  would  in  sonie  places  be  formed 
ij  the  infiltration  of  water,  as  at  Bize,  and  would 
Ast  cement  the  wliole  into  solid  aggregates.  We  J 
ikoald  therefore  expect  to  find  masses  of  stone^  ■ 
taitnniiig  bones  of  the  bear,  and  other  extinct 
^ecies,  associated  with  human  bones,  fragments  of 
'pMKry,  terrestrial  shells,  and  bones  of  animals  of 
Wdem  times.  Such  are  the  contents  of  numerous 
met,  and  the  above  esplanation  points  out  th^J 
iHde  in  which  such  accumulations  have  tak«|| 
fhoe.* 

St  Osseous  breccia,  or  bone  i 
Uti. — The  facts  we  have  next  to  examine  are 
tfm  more  extraordinary  than  those  which  have 
llKady  been  described ;  for  the  osseou»i  remains 
^icfa  now  claim  our  attention  are  not  imbedded 
in  gravel  or  clay,  or  collected  together  in  caves,  but 
are  found  in  fissures  of  limestone,  extending  over 
in  area  of  many  hundred  leagues,  and  occurring  in 
locks  and  islands,  very  remote  (rora  each  other. 
The  limestone  presents  but  little  variety,  the  sub- 
ttance  in  which  the  bones  are  enveloped  is  everj- 
wliere  the  same,  and  the  fossil  remains  belong, 
with  but  few  local  exceptions,  to  similar  species  of 
■ntroals.  The  rocks  are  split  in  every  direction, 
and  the  fissures  filled  with  what  geologists  term 
W)  osseous  or  bone-breccia ;    that  is,  bones,  and 

■  Memoir  by  M.  Desnoyer. 
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fragments  ot  bones,  held  together  bj  a  calcareous 
cement  or  paste,  in  the  same  manner  a, 
glomerated  shingle  of  Kemp-Town ;  or,  to  eiiein- 
plify  its  nature  by  a  still  more  familiar  illustration, 
the  mixture  of  mortar,  pebbles,  &c,  employed  in 
masonry,  and  called  concrete.  This  cement  is  of 
a  reddish  brown,  very  much  resembling  common 
brick ;  and  the  bones  are  beautifully  white,  haviog 
in  many  instances  their  cavities  lined  with  spar, 
as  in  these  specimens  from  Gibraltar.  In  some 
examples  the  bones  have  undergone  but  little 
change  ;    in   others,   the    cells  of  the  cancellatei 

',  are  filled  with  calcareous  matter,  aa  | 
may  observe  in  this  specimen  from  Cerigo,  (pi 
sented  to  me  by  Lady  MauteH,)  which  ii 
polished,  to  show  the  internal  structure  of 
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Gibraltar,  resembles  in  its  general  appearance  the 
teeth  found  in  the  Coombe-rock  of  the  Brighton 
;  But  the  stone  to  which  it  is  attached  is 
>  compact,  and  partakes  of  the  character  of 
Barbie  ;  it  is  of  a  dull  red  colour,  mottled  with 
wiate,  and  is  susceptible  of  a  good  polish.  This 
(  breccia  occurs  on  the  northern  shores  of 
&e  Mediterranean ;  in  the  rock  of  Gibraltar ;  at 
Cette,  Nice,  and  Aotlbes;  in  Dalraatia,  and  in  the 
a  of  Cerigo,  Corsica,  &c. ;  and  in  Sicily,  Sardi- 
nia, and  many  parts  of  Germany.  Each  of  these 
locatitieH  present  highly  interesting  examples  of  the 
subject  of  our  present  inquiry. 

35.  The  rock  of  Gibraltar, — The  rock  of 
Gibraltar,  so  well  known  from  its  historical  and 
political  importance,  affords  an  admirable  ii lustra- 
tion of  the  phenomena  under  review  ;  and,  for  the 
sake  of  brevity,  I  shall  chieiiy  confine  my  observa- 
tions to  that  celebrated  spot.  Gibraltar  is  situated 
on  the  Spanish  side  of  the  Mediterranean,  being 
uaited  to  the  main  land  by  a  narrow  isthmus,  which 
is  about  til ree- fourths  of  a  mile  broad,  eight  or  ten 
feet  above  the  level  of  the  sea,  and  formed  of  con- 
solidated sand.  The  rock  stands  on  the  western 
extremity  of  the  area  in  which  the  osseous  breccia 
occora,  and  its  greatest  altitude  is  about  1,350  feet. 
It  is  in  great  part  composed  of  a  compact,  bluish- 
grey  marble,  which,  like  most  extensive  limestone 
masses,  is  cavernous.  The  principal  cavern,  called 
6b  Michael'S)  contains  stalagmites  and  stalactites, 


i 


THE  WONDERS  OF  GEOLOGY, 


1 


wbich  when  polisLed  are  of  great  beauty,  In  &e 
iissurea  intersecting  the  rock,  as  well  as  in  some  eT 
tlie  caves,  a  calcareous  concretion,  of  a  reddisii' 
brown  colour,  occurs,  which  in  some  parts  is  a  mew 
earthy  mass,  but  in  others  is  highly  indurated.  The 
bones  are  commonly  in  a  broken  state,  and  but 
seldom  water-worn ;  and  the  fragments  of  limestonci 
with  which  the  fissures  abound,  are  also  angular, 
and  have  evidently,  like  the  bones,  fallen  into  the 
crevices  at  different  periods,  and  been  graduallji 
incrusted  and  conglomerated  by  calcareous  infil- 
trations. Snails  and  other  land  shells  often  occuf 
impacted  in  the  solid  breccia;  they  belong  to  the 
existing  species  of  the  country.  As  the  concretion 
is  still  in  progress  of  formation,  masses  may  be  found 
with  terrestrial  shells  unmixed  with  bones.  The 
cementing  material  ia  very  similar  in  the  diSereOI 
localities  where  the  breccia  has  been  observed ; 
namely,  at  Cettc,  Nice,  Antibes ;  in  Dalraatia  and 
Sardinia.  The  animal  remains  of  the  breccia  Hre 
i-eferable  to  several  species,  some  of  which  are 
recent  and  others  extinct,  of  deer,  antelope,  rabbit, 
rat,  mouse,  &c.  Bones  of  birds  and  of  lizards  have 
been  discovered  at  Cette;  and  of  lemmings,*  and 
of  the  lagoniys,'\  which  now  only  exists  in  Siberia: 
it  is  but  rarely  that  traces  of  caruivora  are  observed. 
No  one  can  fail  to  be  struck  with  surprise  nt  &>' 

•  Lemming,  or  Laplnnd  mannot. 
t  Signifying  rat-hare.     A  genus  uf  tiii 
link  bBtween  tha  bare  and  the  rac 


I  which  ftHflM 


OSSEOtia  BRECCIA  o 

f  these  isolated,  yet  analogous  phen<i- 
■na,  which  surround  the  great  basin  of  the  Medi- 
HrraneaD — rocks  of  a  uniform  character,  fissured  and 
InkeD,  their  rents  tilled  up  with  similar  materials, 
ud  with  the  remains  of  the  same  species  of  animals. 
The  occurrence  of  species,  either  extinct,  or  no 
IM^  inhabiting  the  same  latitudes  (as  the  laffo- 
Hiji),  refers  the  period  of  the  existence  of  these 
inlmals  to  the  epoch  of  the  mammoths  and  mosto- 
doH;  and  the  absence  of  marine  remains,  and  of 
(B&l  abrading  effects  of  water,  show  that  the 
B  formed  on  dry  land,  and  not  beneath 

F&e  rational  explanation  of  these  facts  appears 
lo  be  that  which  assumes  the  original  union  of  these 
diitant  rocks  and  islands  into  a  continent,  or  large 
«la&d,  which,  like  Calabria,  ivas  subject  to  repeated 
>iat&tions  of  earthquakes ;  and  that  the  animals 
iHiich  inhabited  the  country  fell  into  the  Assures 
tiitis  produced,  and  were  preserved  by  the  calca^ 
f«6us  infiltrations  that  were  constantly  in  progress. 
Shtbeequect  convulsions  severed  the  Country  into 
nelu  and  insular  masses,  of  which  catastrophe  the 
oweoue  conglomerates  are  the  physical  and  only 
TeMffd. 
.  36,  Osseous  breccia  of  Australia. — Caves 
«bA  fimures,  filled  with  osseous  breccia,  in  the  same 
manner  with  those  I  have  described,  have  also  been 
discovered  in  New  Holland,  to  the  westward  of 
Sydney,  near  the  banks  of  the  Macquarrie  river ; 
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and  it  is  not  a  little  remarkable,  that  even  the 
ochreou3  colour  of  the  European  congli 
prevails  j  the  bones,  however,  belong  to  i 
wholly  distinct  from  any  hitherto  noticed 
preceding  examples.  Some  of  them  are  of  li' 
others  of  extinct  species,  but  all  of  them 
able  to  marsupial  animals,  as  the  kangaroo,  aomi 
dasyuTus,  &c.  A  portion  of  a.  large  bone,  found 
in  a  cave,  is  said  to  resemble  the  leg-bone  of  the 
hippopotamus,  but  this  requires  confirmation  ;  it  i», 
however,  a  subject  worthy  of  attention,  since  the 
kangaroo  is  the  largest  animal  now  known  in  those 
regions.  The  fact  that  all  the  fossil  animals  of 
Australia  hitherto  discovered,  are  marsupial,  tiiat 
is,  belong  to  the  mammalia  which  carry  their  ^oung 
in  a  poueh — a  type  of  organization  which  is  the 
peculiar  feature  of  the  existing  races  of  the  coun- 
try— is  also  of  great  interest ;  for  it  proves  that  the 
present  zoological  character  of  those  regions  has 
prevailed  from  a  very  remote  period. 

37.  Retrokpkct.^I  must  now  bring  to  a  close 
this  examination  of  the  ancient  superficial  deposits 
— those  accumulations  of  alluvial  matter,  which 
taken  as  a  whole,  are  referable  to  a  far  more 
early  period  than  those  which  strictly  belong  to  the 
modern  or  human  epoch.  And  as  in  the  former 
discourse  I  found  it  necessary  to  dwell  on  the  dis- 
coveries of  astronomy,  to  elucidate  some  of  the 
physical  changes  of  our  planet ;  in  the  present  I 
have  summoned  comparative  anatomy  to 
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d  have  eudeaTOured  to  point  out  the  mode  of 

iuiuctioa   pursued   by  the   palteontologiet,    in    hie 

Via]ulries  into  the  fossil  remains  of  animal  organiz- 

00,  by  which  he  is  enabled  to  call  forth  from 

jcky  sepulchres,  the  beings  of  past  ages,  and 

I  like  the  fabled  sorcerer,  give  form  and  animation  to 

I  tlie  inhabitants  of  the  tomb. 

From  tlie  facta  that  have  been  presented  to  us  in 
f  Ike  course  of  this  lecture,  we  arrive  at  the  following 
important  inferences : — 
J^irst — that  the  extinction  of  certain  forms  of 
J  existence  is  a  law,  which  is  not  only  in  ope- 
ration at  the  present  moment,  but  has  extended 
throughout  the  period  comprehended  in  our  present 
researches;  and  we  have  traced  its  influence  from 
the  partial  extirpation  of  certain  existing  species,  to 
the  entire  annihilation  of  many  species  and  genera 
that  once  were  contemporary  with  man  ;  as  we 
to  those  which  are  known  to  have  lived,  and  become 
extinct,  prior  to  the  creation  of  our  race. 

Secondly — that  while  in  the  modern  marine 
fluviatile    accumulations,  the   remains   of  existing 
species  of  animals,  and  of  man  and  his  works,  a 
entombed,  in  the  ancient  deposits  of  water-wo: 
Ciaterials,  those  of  larger  mammalia  alone  are  in 
bedded. 

Thirdly — that  the  animal  remains  principally 
belong  to  extinct  pachydermata,  related  to  the 
elephant,  hippopotamus,  sloth,  horse,  deer,  and 
other  ruminants  ;    and  that  these  had   for  their 
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contemporaries,  bears,    hyenaa,   tigers,  and  otha 
carnivora  of  species  now  extiDct. 

Fourthly — that  tliere  was  therefore  a  periodjl 
mediately  preceding  tlie  existence  of  n 
the  earth  teemed  with  large  herbivorous  anim 
whiclt  roamed  through  tiie  primeval  forests  u 
lested,  save  by  beasts  of  prey.     Numerous  s 
and  entire  genera  have  been  swept  away  from  tl 
face  of  the  earth, — some  by  sudden   revolutioniA 
others  by  a  gradual  extinction, — while  many  havBl 
becD  exterminated  by  man. 

Xai(^^— that  these  various  strata,  whether  formed 
in  the  bedj  of  lakes  or  rivers,  in.  estuaries,  or  in  the 
depths  of  tlie  ocean,  have  been  elevated  above  t 
level  of  the  sea,  and  now  constitute  fertile 
tries,  .supporting  the  busy  population  of  the  hunii 


I  have  thus  endeavouied  to  interpret  One  page  4 
the  ancient  physical  history  of  our  planet,  and  tt> 
explain  the  records  of  one  epoch  in  geological 
chronology.  We  liave  entered  upon  the  confines  of 
the  past,  and  already  we  find  ourselves  surrouoiled 
by  an  innumerable  population  of  unknown  types  :oC 
being, — not  as  dim  and  shadowy  phantoms  of  the 
imagination, — but  in  all  the  reality  of  form  and 
structure,  and  bearing  the  impress  of  the  mighty 
changes  of  which  they  constitute  the  imperishable 
memorials.  We  have  again  witnessed  the  effects  t>£ 
the  continual  mutations  of  the  land  and  \ 
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that  our  present  plains  and  valleys  were 
beoeatb  the  ocean,  at  a  period  when 
luge  mammalia,  apparently  unrestricted  by  existing 
Umib  of  climate,  were  inhabitants  of  regions  whieli 
us  now  DO  more — and  we  have  obtained  additional 
pn»f  that — 

Kev  norlda  are  still  Gmerging  from  the  deep, 
Tbe  old  descending  in  tLeir  turn  to  rise  I 

Even  in  this  early  stage  of  our  progress,  we  have 
MDcluaive  evidence  of  the  extinction  of  whole  tribes 
dF  animals,  equally  admirable  in  their  adaptation  to 
the  conditions  in  which  they  were  placed,  as  the 
tSMS  which  now  exist.  And  delightful  it  is  to 
lie  geologist,  to  find  that  this  fact,  which  but  a  few 
fears  since  was  received  with  hesitation  by  most, 
and  condemned  and  rejected  by  many,  is  now  ad- 
duced by  the  moralist  and  the  divine,  as  affording 
new  proofs  of  the  wisdom  and  overruling  providence 
of  the  Eternal.  Reflecting  on  these  phenomena, 
tbe  mind  recalls  the  impressive  exclamation  of  the 
poet— 

M;  hsut  ia  Bwed  within  me,  when  I  think 
Of  the  great  miracle  which  still  goes  oa 
la  Bilenue  round  me — the  perpetual  notk 
Of  TuY  creation,  finished,  yet  renewed 
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1.   Introdl'CTory  remarks. — It  is  ray  oby 
in  these  Lectures  to  present  a  general  view  of  iiUhi 
philosophy  of  Geology,  rather  than  enter  at  lengAi  ■ 
on  the  oature  and  distribution  of  the  materiaLi  a 
which  the  crust  of  our  globe  is  composed ; 
render  the  details  of  geological  plier 
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BBt  te  an  explanation  of  the  laws  which  the 
IviBe  Author  of  all  things  has  established  for  the 
^vation,  maintenance,  and  government  of  the 
tganic  and  inorganic  kingdoms  of  Nature,  Based 
!■  Geology  is  upon  observations  of  the  various 
■Lyncal  changes  which  are  now  taking  place,  and 
IB  fnrestigationB  of  the  natural  records  of  those 
HMigea,  in  periods  antecdent  to  all  human  history 
iiil  tradition,  the  rocks  and  mountains  are  the 
•Iplubet,  the  book  of  Nature  the  volume,  by  which 
itie  student  of  this  interesting  department  of  science 
nn  best  learn  its  important  lessons.  But  to  those 
*1m)  cannot  examine  Nature  in  her  secret  recesses, 
OTkecompany  an  experienced  teacher  to  the  valleys, 
Or  the  mountain- tops,  lectures  illustrated  by  speci- 
■KnB  and  drawings,  afford,  perhaps,  the  best  eub- 
Nltate  for  the  more  efficient  and  delightful  mode  of 
Ostruction. 

That  we  may  obtain  a  clear  and  comprehensive 
tew  of  the  vast  field  of  inquiry  that  lies  Open  before 
t,  artificial  classifications  are  necessary  in  this,  as  in 
ther  departments  of  science ;  and  withont  assuming 
hat  the  arrangement  in  which  the  various  deposits 
te  grouped  by  geologists,  wiU  not,  in  the  progress 
f  discovery,  require  considerable  modification,  it 
rm  be  necessary,  as  an  introduction  to  the  subjects 
WKttiter  to  be  discussed,  to  place  before  you  a 
abular  view  of  the  formations  in  their  presumed 
ehronological  order.  At  the  same  time  it  is  necessary 
to  bear  iu  mind,  that  all  classifications  of  this  kind 
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laust  necessarily  involve  arbitrary  distinotionVfl 
that  very  possibly  it  will  hereafter  be  foiuidHj 
we  may  in  some  instances  liave  classed  us  gsM^ 
what  may  prove  to  be  merely  local  pheaomensH 
havtt  grouped  together  depositH.  which  farti 
vostigations  may  show  to  be  distinct,  and  Bepa 
from  eadi  other  by  vaat  periods  of  time.    Thii  a 
sideration  will  not,   however,  atfect  those  lea 
principles  of  modern  Geology,  which  it  is  my  fl 
sent  endeavour  to  render  familiar  to  the  intelligent ' 
but  unscientific  inquirer, 

Wc  will  now  take  a  general  view  of  the  nature  ti 
the  mineral  substances  which  eoter  into  the  oompo- 
sition  of  the  crust  of  our  globe,  and  bricHy  notice 
the  laws  which  regulate  the  deposition  of  detritui  in 
the  beds  of  lakes  and  rivers,  and  iu  the  depths  of  tbt 
ooeaii.  But,  as  1  have  already  remarked,  it  is  nut  ray 
intention  to  enter  on  these  departments  of  Geologjr 
iu  detail ;  the  works  of  Bakewell,*  Lyell,-|-  Phillips,} 

■  "  Introduction  to  Geology, "  by  Robert  Bikewolt,  Eiq. 
1  Tol.  Svo.  Sth  uditlon.  Thia  cxculk'nt  volume  shoutd  hi  the 
lint  book  in  the  IJbru-y  of  tlie  gnlogiciil  studenL 

t  "  The  I'lihoiploi  of  Giologj,"  by  Cbiriea  Lyell,  £tq. 
F.R.S.  i  >ala.  12tna.  One  ol'  tlic  tnott  interflatiiig  work*  in 
the  Engliih  loiigmge.  "  Elements  of  Qeology.'"  1  vol.  By 
tile  ume  auihar.   1638. 

t  "  A  Guidu  to  Geology,"  by  Jolin  Phillips,  F.sg.  P.ILB. 
Itol.  12mo.  The  vllc)o  on  Geology,  in  the  Eiieyotopedil 
MettopoliUni,  by  the  aaine  excellent  writer,  ia  in  my  opinigB 
the  Lest  ■ciculiiic  epitome  of  modern  Geology  thM  hi*  ^i 
appeared.  "  A  Trealiae  oa  Geulojty,"  Id  2  voli.  fuolaesp  g*o. 
by  the  ume  tutbor.  ISDO.     A  work  ofgieat  tuorit 
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I  U  Beche,*  Burrj-f-  and  others,  afford  all  the 
ismiatwii  on  these  subjects  which  the  student  can 

I  %  Sdbstances  composing  the  ckust  of  the 
BLOBE. — Every  aubstitnee  is  composed  of  atoms  of 
Enconceivable  minuteness,  held  together  by  a  prin- 
ciple termed  attraction  or  cohesion,  and  which  is 
pmtiably  a  modification  of  that  influenee,  which, 
M  it  exists  under  other  conditions  in  inorganic 
inces,  is  called  electricity,  galvanism,  or  mag- 
a  ;  and  in  organized  beings,  nervous  influenceii 
Ai  the  different  stages  of  solidity,  fluidity,  or  vapour, 
in  which  every  material  body  may  exist,  have  been 
eismplified  in  the  former  lectures,  we  need  only 
tanark,  that  there  are  about  sixteen  substances, 
vliich  in  the  present  state  of  chemical  knowledge 
ve  considered  simple  in  themselves,  and  which, 
k  their  various  combinations,  constitute  by  far 
Uie  bu-gest  amount  of  the  gaseous,  liquid,  solid, 
Mgaoic,  and  inorganic  matter  of  the  earth.  Of 
these,  eight  are  non-metallic ;  viz,  oxygen,  Androgen, 
nittw/en,  carbon,  sulphur,  chlorine,  Jluorine,  and 
fko^thorus-  There  are  also  six  metallic  bases 
of  alkalies  and  earths,  namely,  silicium,  alumine, 

•  "  A  Geological  Mflimal,"  by  H.  T.  De  la  Beche,  Esq! 
f  JLB:  An  admirable  work  of  reference.  "  BeseBrehea  in 
Tlwprtical  Geology."  A  ToluTiie  of  considerable  interest, 
»flbriing  a  condensed  anii  perspicuous  view  of  the  theories  of 
midein  geologists. 

+  "  Elements  of  Practical  Geology,"  by  Frederick  Burr,  Esq. 
lioL-k  '        " 
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potastiuM,  sodium,  mar/nesium,  and  calcium  ;  aot 
two,  the  oxides  of  which  are  neither  earths  not 
alkalies,  namely,  iron  and  manganese.  The  t 
maining  metallic  snbatances,  copper,  lead,  %M, 
arsenic,  silver,  gold,  &c.  are  comparatively  uninK  ' 
portant  in  a.  geological  point  of  view. 

The  common  sedimentary  rocks  are  in  a  grot 
measure  composed  either  of  lime,  silex,  or  argiilt- 
oeous  earth ;  and  they  possess,  what  in  mineifr 
logical  language  is  called,  a  cleavage,  or  peculin 
Aracture,  which  is  distinct  in  each.  Thun,  if  I  t>ke 
a  flint  and  break  it  at  random,  you  perceive  tba(  it 
presents  a  glassy  or  conckoidal  fracture,  a  skarp 
cutting  edge ;  and  subdivide  it  as  I  may,  it  rtlll 
retains  the  same  character :  but  if  1  break  a  piece 
of  chalk,  the  edge  is  not  sharp  or  cutting,  but  blunt 
and  dull,  exhibiting  what  is  called  in  mineralogy  an 
tarthif  fracture.  Again,  if  I  shiver  to  pieces  willi 
my  hammer  this  calcareous  spar,  every  fragmeoi 
presents,  more  or  less  distinctly,  a  rlioraboidat  form 
■o  true  is  the  remark,  that  we  cannot  break  a  stoni 
but  in  one  of  nature's  joinings. 

3.  Crystallizatiok. — Crystallization  may  b 
defined  a  methodical  arrangement  of  the  particle 
of  matter  according  to  fixed  laws.  For  instance— 
(here  are  nearly  500  varieties  of  crystallized  car 
bonate  of  lime,  each  crystal  being  composed  o 
millions  of  atoms  of  the  same  compound  substancei 
and  having  one  invariable  primary  form — that  o 
a  rhomboid.     Mechanical  division  is  incapable  o 
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ing  this  arrangement ;  break  them  as  we  may, 

e  can  only  separate  them  into  a  rhomboidal  figure ; 

IT  cant  this  condition  be  aitered  except  by  chemical 

jomposition.      If  we  pursue  our   investigatioiu> 

it  farther,  analysis  shows  that  every  atom  of  these 

[ciystala  consists  of  quicklime  and  carbonic  acid, 

Uch  are  each  made  up  of  innumerable  molecules. 

["Lime  and  carbonic  acid  are  also  themselves  com- 

1,  lime   being  composed  of  a  metal   called 

a  and  oxygen  ;  and  carbonic  acid,  of  carbou 

'  and  oxygen.     Thus  these  ultimate  particles  of  cal- 

I  Cinm,  caf bou,  and  oxygen,  fonn  the  indivisible  atoms 

iota  which  all  the  secondary  crystals  of  lime  may  be 

I  ndueed."* 

i.  Stratification. — As  our  previous  investi- 
gUions  have  shown  that  the  disintegration  and 
lolution  of  the  most  refractory,  and  apparently  in- 
destructible substances,  by  the  conjoined  etfects  of 
aechaDical  and  chemical  agency>  are  constantly  in 
pn^ress,  we  can  at  once  proceed  to  the  consi- 
deration of  the  manner  in  which  the  spoils  of  the 
tncient  lands  and  seas  have  been  accumulated,  and 
eonyerted  into  the  rocks  and  strata  of  existing 
idands  and  continents.  I  have  already  adverted 
to  the  formation  of  beach  and  sand,  and  the  depo- 
aUion  of  mud  and  clay  in  layers  or  strata,  and  their 
labsequent  consolidation  into  rocks.  And  here  let 
ne  remind  you,  that  strata  are  the  successive  layers 
or  accumulations  of  detritus,  spread  over  each 
•  Dr.  BuckLmd'a  Bridgwilei  Ssaaf. 
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dOther,  in  such'  manner  oa  to  allow  of  the  ^ 
WOQSolidation  of  one  bed,  before  it  is  oovei 
{deposition  of  the  materials  of  another  ;  and  t 
^  said  to  be  stratified,  when  it  presents  thfi  K 
■maae  of  such  divisions:     The  oliidk  olif&i  afll 
BWdstone  quarries  in  the  south-east  of  ] 
afford  excellent  illustrations  of  this  struoCnre.  ' 
1  original  direction  of  these  layers  must  havfr'l 

mora  or  less  horizontal,  for  this 
that  in  their  fluid,  or  semi-liuiil  state,  they  wonts 
find  their  own  level,  and  spread  over  the  siirrnMOf 
the  basin  into  which  they  flowed ;  and  allhougll 
I  they  might  partake  of  the  inequalities  of  the  depm- 

I  sion  in  which  they  were  deposited,  yet  this  CSUK 

I  would  not  affect  their  general  distribution.     Tbs 

strata  when  accumulated  in  very  thin   layers,  iff 
sembling  the  seams  formed  by  the  leaves  of  a  closed 
',  book,  are  termed  lamime  ;  and  this  character  verj 

commonly  prevails  in  fluviatile  or  river  deposits 
thus  the  shales,  clays,  and  sandstones,  of  Tilgab 
,  Forest  are  laminated,  and  often  bear  the  impres 

of  the  waters  which  have  meandered  over  thn 
I  (see  pages  42,  43).      The    contemporaneous  bed 

I  formed  in  the  same  oceanic  basin,  however  thC' 

I  may  maintain  a  general  eharacter  over  very  exten 

I  tive  areas,  must  nevertheless  vary  considerably.    A 

I  the  present  moment,  the  rivers  flowing  from  difFferen 

I  latitudes  into  our  existing  seas,  must  necessarily  bi 

producing  in  the  same  marine  basin  nccumutatloai 
of  a  very  diji^milar  character ;  and  the  geograpbiea 
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itriLbution  of  the  detritus,  luust  be  still  more 
|ect^  by  the  agency  of  tbuse  powerful  currents, 
^whicb  aJIusion  liaa  already  been  made  (page  55). 
puiag  in  inind  these  elements  of  variation  in  the 
IpOeitioDs  that  may  contemporaneously  take  place 
L  the  same  oceanic  basin,  we  ^Imll  be  prepared 
pfind  similar  discrepancies  iu  the  contents  of  the 
leds  of  the  ancient  seas. 

Inclined  amd  vertical  strata.  —  But 
llUmugh  the  strata,  whether  accumulated  in  bauks 
ndge?,  or  deposited  in  basins  or  depressions, 
We.  OTiginally  been  consolidated  in  horizontal 
hjm,  yet  this  arrangement  has  frequently  been 
iillorbed  by  expansive  forces 
have  been  broken  up,  i 
dilution,  from  a  slight  degn 
"tOieal  position.     1 

7)8, 9f  10,)  to  which  I  shall  hereafcer  have  occasion 
to  refer,  exhibit  strata  in   various  states  of  dia- 


from  belov 

,  and  the 

d  thrown 

nto  every 

of  inclination,  to  a 

s  before  u 

8,  (Plates 

[  Although  it  is  my  wish  to  abstain  as  much  as 
jKluble  from  technical  language,  yet  as  it  cannot  in 
1)1  Gates  be  avoided  without  much  circumlocution, 
'  it  viU  be  convenient  in  this  place  to  explain  a  few 
[■deotific  terms  which  are  commonly  employed. 
,  ^buB,  parallel  layers  or  strata,  piled,  as  it  were, 
I  koriaootally  upon  each  other,  as  a,  b,  c,  d,  in  the 
1  foQaniDg  diagram  (and  in  the  Section  near  Devizes, 
<  Plate  9,  No.  II.)  are  said  to  be  eonfm-mable.-  but 
^The^^tiitrAta  ore  superimposed  on  others  which  lie 


^^Ufj^'ftW^ABt    HJ-t 
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in  a  different  direction,  as  the  series  a,  b,e,d,0 
beds  e,f,g,A,  (or  in  the  natural  sectioni   I 
No.  UL)  aa  if  a.  Bet  of  horizon 


^^THiSlI 


placed  fiat  on  the  inclined  edges  of  another  ■ 
of  books,  tbey  are,  in  geological  languaget  i 
tmcon/ormable  position. 

6.  Veins  and  faults.— But  not  only  have  Ae 
strata  suffered  change  of  position  from  the  disturb- 
ing causes  which  we  have  shown  are  still  in  actuil 
operation;  they  have  also  been  rent  and  brokeaopt 
and  exhibit  cracks  or  fissures,  which  in  rooks  nstr 
the  surface  are  sometimes  filled,  as  we  have  already 
noticed,  with  bones,  pebbles,  and  stalactitical  oca»- 
cretions  (page  178) ;  and  in  those  of  more  ancient 
epochs,  with  eruptions  of  melted  matter,  and  veiDi  of 
metalliferous  ores.  The  turnifatUt  is  applied  to  thoM 
fractures  and  displacements  of  the  strata,  wliicb  ua 
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ftoeompanied.witii  the  subsidence  of  one  part  of  a 
msM  and  the  elevation  of  another.  This  is  exem- 
^Ified  in  the  section  of  the  carboniferous  strata^ 
(Tab.  32,  e,f,ffih,)  where  the  layers,  or  seams  of 
coal,  have  been  shifted  to  a  higher  level,  although 
both  sides  of  the  rock  remain  in  apposition ;  /marks 
tjie  line  of  fault.  Stratification,  in  fact,  may  be 
codspai^  with  the  operation  of  erecting  a  building ; 
strata  of  clay  being  comparable  to  beds  of  mortar, 
those  of  harder  rocks  to  layers  of  brick ;  while  the 
fissures,  veins*  and  faults  are  analogous  to  the  cracks, 
sinkings,  and  displacements  produced  by  the  settling 
of  different  portions  of  the  whole  edifice. 

7.  Chronological  arrangement  of  the 
STRATA. — In  the  ancient  alluvial  beds  of  gravel, 
sand,  and  marl,  containing  the  remains  of  gigantic 
mammalia,  which  formed  the  principal  subject  of 
the  last  lecture,  but  few  indications  of  stratification 
occur ;  those  deposits,  for  the  most  part,  bearing 
the  character  of  materials  transported  by  the  sea 
or  by  river  currents,  or  accumulated  in  estu- 
aries, and  thrown  up  in  bays  and  creeks  by  the 
waves,  rather  than  that  of  tranquil  depositions. 
The  formations  which  succeed,  we  shall  find  com- 
posed of  regularly  stratified  rocks,  but  interspersed 
here  and  therewith  alluvial  debris.  The  plan  of 
the  istrata  before  you  (Plate  7)  is  intended  to  pre- 
sient  a  general  view  of  the  various  systems  of  rocks, 
from  the  most  recent  to  the  most  ancient.  For 
more  detailed  explanations  and  sections,  reference 
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may  be  made  to  the  works  alreiidy  liotieed;  nd 
particularly  to  the  admiraUe  ajateniatie  ^HnpfP 
of  the  fonnatioii8,  by  that  veteraa  gBoingw^JIrt 
WebiteTi  which  formi  the  ftontifpieoe  of  JUt^BUk* 
land's  Bridgewater  Essay.  '^'J^^    • 

It  will  here  be  necessary  to  premise^  that  Asm 
are  three  dements  of  dassificatimi  apidiea|tt|  to 
stratified  rocks;  namely,  1st,  their  nuQeM'aJpae- 
tnre ;  2d]y,  their  order  of  superposition ;  BMni^dOf, 
the  nature  of  the  organic  remains  which  they  boa- 
tain:  the  following  arrangement  is  in  acoofdanee 
with  these  principles.* 

■  r   ■■ 
Chronojjooicajj  Abrakgement  of  thji 

Strata. 

Commencing  with  the  uppermott  or  newett  DepoHts. 

FOSSILIFEROUS   STRATA. 

L  Modern  and  ancient  alluvium. — Comprising  the  modem 

•  and  ancient  superficial  deposits,  described  in  the  previous 
lectures.  The  modem  are  characterised  by  the  remains  of 
man  and  contemporaneous  animals  and  plants  ;  the  ancietii, 
by  an  immense  proportion  of  large  mammalia  and  carmvora, 
of  species  and  genera,  both  recent  and  eiftinct. 

II.  The  tertiary  system. — An  extensive  series,  comprising 
groups  of  marine  and  lacustrine  deposits,  charactedflcd  by 
the  remains  of  animals  and  vegetables,  the  greater  portion 
of  which  are  extinct  Volcanoes  of  great  extent  were  in 
activity  during  this  epoch. 

•  8m  FrofbMor  Sedgwick's  Synopsis  of  the  English  Series  of  Stntified 
Rocks  inlbxior  to  the  old  Red  Sandstone.  ProcHdiitg§  of  Ifte  GoolofietU 
SMM!r»vdl.ii.p.  76. 


arrangement  op  the  strata.  19.) 

»  Secondait  Forhations. 

to.  The  chalk,  or  oretaceous  avsTEM.— A  marine  foniin- 

liao,  compriiing  bedi  of  limestone,  isnditone,  nrnrl,  anil 

fiUfli  aboiuidiiig  in  Temains  of  EOophTtes,  moUuBCi,  cephalti- 

poda,  echinodermata,  lUhEs,  kc. ;  drilled  nood,  and  marine 

,      plasU;  with  crocodiles,  tuitles,  and  extinct  icptilea. 

IT.  Ihe  wealden, — Comprising  the  neald  day,  iLe  atcala  of 
I  ^gatc  ForcBt,  and  of  Hastings,  and  llie  limeatoncs  and 
^jTB  of  Purbeck.  A  freahwaler  foonation,  avidently  the 
idelta  of  some  ancient  riveT  ;  characteriEed  hy  an  abundance 
of  the  lemaioa  of  enormous  and  peculiar  reptiles,  namely, 
the  i^anodon,  hylieOBBurus,  megalosaurus,  pleaiosaurua, 
crocodile,  &e,\  of  terrestrial  plants,  freshwater  itiollusca, 
and  birdi. 

V.  The  oolite A  marine  formation  of  VMt  extent,  conaist- 

mg  of  limestones  and  clays,  abounding  in  marine  ahelli, 
CDrala,  fishes,  and  reptiles,  lioth  terroatrial  and  marine. 
Land  plants  of  peculiar  apeciea,  and  Iht  remaina  of  tao  or 
uoregmera  o/'uaum.u.ia. 
VI  The  lias.— A  series  of  clays,  shales,  and  limestones,  with 
marine  ahella,  cephalopoda,  crinoidea,  and  fiahea.  Reptilea, 
particularly  of  two  extinct  genera,  the  pUiimaurui  and 
jcAtAyoioTKi,   in  immense  numbera.      Drifted  wood  and 

Comprising  maria,  sandstones,  and  conglomerates,  fre- 
quently of  a  red  colour,  with  shells,  corals,  and  plants ; 
.  fiahea  and  reptilea.  This  series  forms  the  grand  depository 
of  look- salt. 
VIII.  The  carboniferoub,  or  coal  ststeu.— Shales,  iron- 
stones, millstone  grit,  freshwater  limestone,  and  immense 
beds  of  coal.  This  system  ia  characterised  by  innumarable 
remains  of  land  and  aquatic  plants,  of  a  Iropiesl  character, 
and  belDQg:iDg  to  extinct  species  and  genera;  with  flshn, 
tapdles,  and  insects. 


ite  THB  wmnmit  ov  6Hono«r.  -       becut 


IX.  Tu  OLD  MED  •MjmnaKK  CTwi,*— <lini  Jiitig  dr#Mh 
stnta  of  copg^omcnte,  landitonft,  nuri^  —d  B— JOMi:  Al 
pivfmiliiigoolourofachooditeied;  CKiteJni  ihdli,  c«3k 
and  fishes,  many  of  whidi  are  peeoHir. 

X.  The  silueiam  ststeii. — Composed  of  marins 
shales,  sandstones,  and  calcareous  flagai 
shells,  many  of  new  fbnns;  and  swanning  wA  eoak 
erinoidea,  and  trOobites. 


XL  The  Cambbian,  or  golauwackb  trfTEiL — Cnmisti  fria- 
dpally  of  a  largely  developed  series  of  slate  rocks  and 
glomerates,  containing  shells  snd  corala. 


:    ■'.''■■ 

Mbtamoephic  Rocks.  -  .-;,)■. 


DestUuie  nf  Organie 


'■»,;; 


1. 1 


XII.  The  mica  scHiefr. — Sedimentaiy  rocks,  altered  by  Iqgii 
temperature ;  mica  slate,  quartz  rock,  crystalliBe  lliaBiloiie, 
gneiss,  and  hornblende  schist,  &c.,  exhibiting  no  traces  of 
organic  remains. 

XIII.  The  gneiss  system. — Formed  of  gneiss,  sienite,  and 
quartz  rock,  alternating  with  clay  slate,  mica  schist,  &c. 

Unstra^ed. 

XIV.  Granite. — In  amorphous  masses  and  veins ;  porphyry, 
serpentine,  trap,  &c. 

The  proportionate  thickness  of  the  rocks  hitkerto 
examined  in  England  is  estimated  as  follows  i-^  but 

*  Vide  "  Geology  of  the  Silurian  Region,"  2  vols.  4to.  with 
numerous  plates  and  map,  by  Roderick  Impey  Murchison,  Esq. 
V.P.G.S.  The  most  splendid  and  important  work  on  British 
Geology  that  has  yet  appeared. 

t  Professor  Phillips. 
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the.  Jitatement  must  be  viewed  only  as  an  approxi- 
matiTe  calculation. 

Tertiary  system        ....  2,000  feet. 

Cretaceous 1,100    ,, 

Oolitic  and  lias 2,500    „ 

Saliferous 2,000    „ 

Carboniferous 10,000    „ 

Old  red  sandstone     ....  9,000*  „ 

Primary  rocks 20,000    „ 

I  have  represented  in  this  diagram  (Plate  7)  in- 
trusions of  the  ancient  melted  rocks,  as  serpentine, 
porphyry,  trap,  and  granite,  into  the  sedimentary 
strata ;  and  metalliferous  and  granitic  veins  in  the 
granite,  to  which  I  shall  hereafter  have  occasion 
to  refer.  At  present  it  will  only  be  necessary  to 
mention,  that  the  leading  features  of  this  arrange- 
ment may  be  recognised  in  every  considerable  extent 
of  country  throughout  the  world  ;  but  the  sub- 
divisions are  more  local,  and  cannot  be  generally 
maintained,  for  reasons  which  must  be  sufficiently 
obvious,  afler  what  has  already  been  advanced. 
From  this  general  view  of  the  physical  records  of 
the  mutations  which  the  crust  of  our  globe  has 
undergone,  we  learn  how  numerous  and  important 
are  the  phenomena  comprised  within  the  sphere  of 
geological  inquiry,  and  how  vain  is  the  attempt  to 
offer  more  than  an  epitome  of  its  wonders  in  the 
brief  space  allotted  to  a  popular  course  of  lectures. 

8.    Tertiary    formations.  —  We   now   enter 

*  Mr.  Murchison. 
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Upon  the  con  side  rat  iou  of  tlie  tertiary  fonnalic 
those  deposits  of  the  seas,  rivers,  and  lakes,  w 
are  referable  to  the  period  immediately  antecedM 
to  the  existence  of  tiiG  mammoth  and 
and  subsequent  to  the  deposition  and  confiolidtrij 
of  the  chalk.  The  discoveries  of  MM.  Cuvi^a 
Brongniart,  about  twenty  years  since,  in  the  im 
diate  vicinity  of  Paris,  first  directed  the  attoBtiwn 
of  geologists  to  the  important  series  of  etrata  whilh 
is  now  diBtirguished  by  the  name  of  tertiary  (« 
p.  18).  The  animals  whose  fossil  bones  abound  in 
the  gypsum  quarries  of  Montraartre,  and  belong  to 
extinct  genera  of  mammalia,  were  by  the  genius  of 
Cuvier,  again,  as  it  were,  called  into  existence,  and 
the  philosophers  of  Europe  saw  with  astouishmenti 
whole  tribes  of  unknown  and  extraordinary  typca 
of  being,  disinterred  from  rocks  and  mountains, 
\thich  had  hitherto  been  considered  as  possessing 
no  scientific  interest.  Analogous  strata,  some  of  a 
marine,  and  others  of  a  lacustrine  or  fluviatile  cha- 
racter, have  since  been  discovered  in  numerous 
localities  in  the  continents  of  Europe  and  America, 
forming  a  series  so  extensive,  and  requiring  such  n 
lapse  of  time  for  its  production,  that  the  chalk, 
hitherto  considered  as  comparatively  modern,  ia 
carried  back  to  a  period  of  immense  geological  an- 
tiquity. The  tertiary  system  may  be  said  to  con- 
stitute a  series  of  formations  which  link  togetlier 
the  present  and  the  past ;  for  while  the  most  ancient 
contain  organic  remains   related  to  those  of  the 
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Mundary  formations,  the  moat  recent  insensibly 
glide  into  the  modem  deposits,  md  contain  remains 
of  many  esisting  species  of  animals  and  plants, 
awxuated  with  forms  tbat  are  now  blotted  out  for 
erer,  Mr.  Lyell  has  adopted  a  claesiticatioD  of  the 
tertiary  strata,  founded  on  the  proportion  of  recent 
^lecies  of  animals  which  they  coittaiii ;  and  as  shells 
occur  in  many  of  the  strata  in  great  abundance, 
and  in  an  excellent  state  of  preservation,  those  types 
of  animal  organization  have  been  selected  for  the 
distinctive  characters  of  the  subdivisions  into  which, 
for  the  convenience  of  study,  he  separates  these 
'deposits.  In  the  present  state  of  our  knowledge, 
this  arrangeroent  is  of  great  utility,  but  it  appears 
probable  that  it  may  require  considerable  modifica- 
tioDi  or,  perhaps,  hereafter  be  altogether  abandoned 
.with  the  progress  of  geological  research;  for  it 
:flanttot  be  doubted,  that  strata  in  which  no  recent 
'Species  have  yet  been  found,  may  yield  them  to 
more  accurate  and  extended  observations, 
■  9.  Classification  of  the  iebtiary  strata. 
• — According  to  this  classification  the  tertiary  system 
forms  four  principal  groups,  each  of  which  is  cha- 
zact^ised  hy  the  relative  proportion  of  recent  and 
extinct  species  of  shells  which  it  contains ;  and  a 
nomenclature  has  been  adopted  to  denote  the  cha> 
ncters  upon  which  the  arrangement  is  founded. 
These  divisions  are  as  follow : — 

1,    The    pliocene    {signifying    more  new  i 
Hi). — Tertiary  strata,  in  which  the  shells  are  for 
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the  moat  part  recent,  with  about  ten  per  cent.  9 
tixtinct  species ;  these  beds  are  subdivided  intotl 
newer  aud  o\<ier  pliocene. 

2,  The  MioceH£  {denoting  hss  rccmt). — CM 
taining  a  small  proportioii,  about  twenty  per  0 
of  receot  species  of  shells. 

3,  Eocene  {signifi/intf  the  dawn  of  rtcmk'% 
allusion  to  the  first  appearance  of  recent  speol* 
Containing  very   few  recent  speciee,  perluiw  J 
more  than  tliree  or  four  per  cent. 

The  marine  are  associated  with  a  like  numberot 
freahwater  formations,  and  tlie  general  cliaraeun 
of  the  tertiary  system  are  alternations  of  mariut 
witii  lacustrine  strata.  The  districts  occupied  by 
these  beds  in  Europe,  arc  exceedingly  variable  in 
extent,  as  Mr.  Lyell  has  shown  iu  a  very  ingeniuiu 
map  of  the  tertiary  bcubi"  and  it  appears  c«rtall 
that  during  the  epoch  of  their  formation,  there  m 
areas  whicii  were  alternately  the  sites  of  freshwat 
lalies  and  inland  seas,  and  that  these  changes  vfl 
dependent  on  oscillatiAns  in  the  relative  level  of  d 
land  and  water. 

10.   PossiL   SHELLS. — The  geological  evidenHI 
afforded  by  the  remains  of  animals  and  plants  li 
already  been  fully  exemplified ;   but  our  remark! 
have  hitherto  in  a  great  measure  been  confined  ft 
the  fossil  iced  skeletons  of  terrestrial  quadrii 
the  shells  of  molluscu,  however,  from  their  dui 
bility,  often  escape  obliteration  under  circumstuioet>^ 
•  Mr.  Lyeir»  Prinoiplei  of  Geology,  vol.  i.  | 


ia  wbkii  all  traces  of  the  higher  orders  of  anitiiaU 
IK  lost.  In  loose  sandy  strata,  they  occur  Id  a  high 
degree  of  perfection  ;  in  mud  and  clay,  in  a  fragile 
(tUe;  in  some  instances  they  are  silicified ;  aod 
nwny  limestones  are  wholly  composed  of  their  re- 
nUDE,  cemented  together  by  calcareous  matter. 
MoUtweous  animals  *  are  divided  into  mollusca, 
pfoperiy  BO  called,  which  are  covered  with  a  shell, 
u  mails,  periwinkles,  &-c.;  and  concAi/eTa,-f  having 
a  shell  with  two  valves,  as  the  oyster,  scallop,  Ste. 
The  former  are  of  a  higher  organization  than  the 
litter,  having  eyes,  and  a  distinct  nervous  system  ; 
tbe  latter  have  neither  eyes  nor  head,  and  are  there- 
foie  called  acepkala.'^  Some  genera  of  mollusca 
are  herbivorous,  living  exclusively  on  vegetables ; 
others  are  carnivorous;  and  many  have  a  retractile 
proboscis,  furnished  with  a  rasp,  by  which  they  can 
perforate  wood,  shells,  stone,  and  other  substances. 
Tbe  shells  of  the  carnivorous  testacea  are  also 
generally  provided  with  a  channelled  or  grooved 
beak  for  the  reception  of  the  fleshy  syphon  by  which 
the  sea  water  is  conveyed  to  the  respiratory  organs 
(Tab.  S8.  Fig.  3,  *,  5);  while  the  herbivorous  have 
the  opening  of  the  shell  entire  (Tab.  39,  Fig.  S, 
5,  6,  7).  Some  tribes  are  exclusively  marine, 
otiiers  live  only  in  fresh-water,  while  many  are  re> 
stricted  to  the  brackish  waters  of  estuaries.  Their 
gec^raphical  distribution  is  alike  various :    certain 

•  Son-bodied  animals.  +  Shell-bearing  onlmals. 

t  Hacing  no  beul. 
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forms  (the  cephalopoda)  inhabit  deep  waters  o 
and  are  provided  with  an  apparatUB  by  which  tl 
can  rise  to  the  surface ;  wliile  others  a 
that  is,  live  only  in  the  shallows  along  the  4 
shores ;  many  exiat  in  ijuict,  oUiers  in  turbuli 
waters  ;  some  are  gregarious,  like  the  oysteri  whfl 
others  occur  singly  or  in  small  groups.  All  tU 
varieties  of  condition  are  more  or  less  stro 
impressed  on  their  shelly  coverings,  which  i 
be  considered  as  their  external  skeletons;  aiidJ 
experienced  conchologist  is  enabled  by  the  j 
liar  characters  of  the  shell,  a 
the  economy  and  habits  of  the  animal,  and  oi 
sequently  the  physical  conditions  in  which  it  i 
placed,*  In  this  point  of  view,  fossil  shells  become 
objects  of  the  highest  importance  to  the  geologist, 
Hnce  tliey  are  frequently  the  only  records  of  Uie 
former  condition  of  our  planet.  But  I  must  return 
from  this  digression,  and  proceed  to  the  consider- 
ation of  the  phenomena  presented  by  the  sevml  i 
groups  of  the  tertiary  formations.  -fH 

II.  MlNEHALOGICAL  CHARACTERS  OF  TRK  Ttit^ 

TiAHV  SYSTEM.' — 'The  predominating  characters  4(f 
the  tertiary  system,  na  I  have  alreaily  mentioned,  are 
alternations  of  marine  beds  with  those  of  lacustrine 
and  freshwater  origin.  A  large  proportion  of  the 
strata  is  arenaceous,  having  intervening  clays  and 
marls.      Shingles,    the    remains    of    ancient    (lea- 

•  Sec  fln  intereiting  piper  on  Sheila,  liy  Mr,  Gray,  of  te    i 
British  Muaeuin.     Pbiloiophicsl  Truissctions. 


Ir,  Gray,  of  tb»   | 
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ItieftdieB,  abound  in  some  localities,  and  fonn  either 
a  conglomerate  or  puddingstone,  as  that  of  Hert- 
Jgnl^ire  (page  88);  or  a  ferruginous  breccia,  as  at 
Cntle  Hill,  near  Newhaven,  on  the  Sussex  coast. 
The  ruins  of  the  chalk  are  everywhere  recognisable 
iatke  beds  of  water-worn  flints,  which  contain  shells 
tnd  zoophytes  peculiar  to  the  cretaceous  system. 
lai^  boulders  of  sandstone  are  of  frequent  occur- 
nncC)  and  may,  perhaps,  be  referred  to  the  newest 
beds  of  the  series.  In  the  vicinity  of  Brighton, 
Uocks  of  ferruginous  breccia  are  scattered  over  the 
snr&ce  of  the  Downs,  and  masses  of  quartzose  sand- 
stone, of  a  saccharine  structure,  are  seen  at  Falmer, 
and  in  Stanmer  Park:  a  remarkable  rock  of  this 
Jund  fonnerly  existed  in  Goldstone  Bottom,  near 
Brighton,  but  is  now  destroyed.  In  most  of  the 
gmvel  beds  around  London  there  are  numerous 
btocks  of  silicious  breccia  and  conglomerate,  of 
which  there  are  many  of  considerable  magnitude 
OD  the  grounds  of  John  Allnutt,  Esq.  of  Clapham 
Common,  In  some  of  the  tertiary  formations, 
limestone  predominates,  and  alternates  with  sands 
iftnd  marls  of  great  variety  and  brilliancy  of  colour ; 
beds  of  gypsum,  and  silicious  nodules  closely  re- 
sembling the  flints  of  the  chalk,  also  occur.  Such 
ate  the  general  features  of  this  system  of  deposits, 
iwhich  I  shall  now  examine  more  in  detail. 

The  distribution  of  the  tertiary  strata  over 
Europe,  appears  to  be  in  areas  more  or  less  well 
lie&aedi   in  our  own  island,  there  are  the  basins  of 
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London  and  Hampshire,  and  tho  rcmttinB  of  otlm | 
beds  in  Yorluhire.  and  in  Norfolk  and  Suffolk. 
France,  the  melrojiolia  U  nitiiated  wUliin  tbe  a 
fines  of  a.  torliar^  basin ;  and  in  t)m  Houtli  and  ttcri 
of  that  iHiuntry,  exteniitvu  traoU  are  formed  of  ll 
deposits;   in  Anvergno,  where  they  a 
with  ancient  volcanic  eruptions,  they  conititii 
district  of  unrivalled  geological  interest.     In  ikf'f 
Sub. Apennines,  tliuy  are  largely  developed!  ) 
in  otlier  parts  of  Sicily  and  Italy  tliey  inu 
pass  into  vast  beds,  whinh  are  still  in  progrew'tl 
formation. 

I'i.  Newer  tektiarv,  or  pliocene  DEPOltTfc 
—From  the  large  proportion  of  recent  speai»'«( 
shells  which  occur  in  acme  of  the  pliocene  itnitati 
the  beds  have  tlie  appearance  of  a  modern  agKre* 
gate,  OS  the  extensive  and  beautiful  culleutton  IVom 
Palermo,  before  us  (for  which  I  nm  indebted  to  th* 
kindness  of  the  Marquis  of  Northampton,  P.R.& 
well  displays,  A  low  range  of  hills,  ruing  to  a 
elevation  of  about  200  feet  above  the  level  of  U 
Mediterranean,  immediately  behind  I'alermo,  lifi 
a  great  measure  constituted  of  co 
formed  of  friable  shells,  whioli  are  frequeatlj  i 
an  admirable  state  of  preservation  ;  white  i 
brittle  in  general,  but  in  some  exam|ilea  preserving 
their  markings  and  natural  polish.  The  elegant 
and  picturescjue  manner  in  which  they  un  c 
siunally  grouped  together,  renders  them  otyeots  4 
great  beauty  and  interest.     These  ahdU,  with  t 
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very  few  excpptions,  belong  to  species  itill  Imng 
ID  the  adjacent  Bewj  a  proof  that  when  the  lirae- 
atnne  was  formed,  the  same  condition  of  the  basin 
of  the  Mediterranean  existed  as  at  present,  and 
CdDtiiiued  uninfluenced  by  the  elevation  of  thii 
partion  of  its  ancient  bed.  In  other  parts  of  Sicily, 
Hmestone,  blue  marl,  with  shelly  calcareous  breccia, 
uid  gypseous  clay,  intermingled  with  volcacic  pro- 
<taet«,  occur.  The  Val  di  Nolo  is  particularly 
nnitioned  by  Mr.  Lyell,  as  presenting  a  remark- 
able assemblage  of  deposits ;  *  and  I  will  quote 
his  lucid  and  highly  graphic  description.  "  The 
nsing  grounds  of  the  Val  di  Noto  are  separated 
frgm  the  cone  of  Etna,  and  the  marine  strata  on 
wMch  it  rests,  by  the  plain  of  Catania,  which  it> 
elevated  above  the  level  of  the  aea,  and  watered  by 
the  Simeto.  The  traveller  passing  from  Catania 
to  Syracuse,  by  way  of  Sortina  and  the  valley  of 
Pentalica,  may  observe  uiany  deep  sections  of  these 
modern  formations,  which  rise  into  hills  from  one 
to  two  thousand  feet  in  height,  entirely  composed 
of  sedimentary  strata,  with  recent  shells ;  these  are 
assoeiated  with  volcanic  rocks.  The  whole  series 
of  strata,  exclusively  of  the  voleanic  prodncts, 
is  divisible  into  three  principal  groups.  1.  The 
t^giermoit,  compact  limestone  in  laminated  strata, 
yritk  recent  shells ;  total  thickness,  from  700  to 
800  feet.  2.  Calcareous  sandstone,  with  schistose 
limestoTie.  S.  Laminated  marls  and  blue  clays, 
•  Principle!  of  Geology,  vol.  lii-  p-  3S8 
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The  above  groupd  contain  ihelb  nnd  MOopUfimtd  ll 
the  Bame  species  as  those  firam  FklenM>"'whisk<f  |i 
hare  just  noticed.     The  large  acattop.  ovtfidWi 
{Pedet^  Jaeob4BU8)f  which  at  the  present  dagr  ifw^ 
foselj  strewn  on  the  Sicilian  shores^  is 
tifkiilj  preserved}  and  abundant  in 
limestone.    Leaves  of  plants  and  stems  ^ttK^mmiti 
are  of  common  occurrence*  •:!    .dnpN 

IS*  Crag  of  Norfojjk  and  Spffolki  Qiiili 
eastern  coasts  of  Essex,  Norfolk,  and  Suflblfc^Mi 
of  sand  and  gravel,  abounding  in  sheUs  and  eqsri^ 
are  superposed  on  the  blue  daj  lying  on  tibaiaWb 
and  are  distinguished  by  the  name  of  CVrqpy'ta 
provincial  term  signifying  graveL  Tlie  lateAjfe 
Parkinson  first  described  these  strata,  and  nr  As 
'<  Organic  Remains  of  a  Former  World,"*  figired 
a  shell  which  was  formerly  in  much  request  among 
collectors,  the  Essex  reversed  whelk  {JF'usus  emh 
irarius),  in  which  the  spiral  convolutions  pass  fironi 
right  to  left,  instead  of  in  the  opposite  and  ordinary 
direction*  Here  are  several  beautiful  examples  of 
this  fossil,  collected  by  Sir  Woodbine  Parish  ;  they 
all  have  the  deep  ferrugiDous  colour  which  soeom^ 
monly  prevails  in  the  fossils  of  the  Crag.  The 
Crag  first  appears  at  Walton  Nase,  in  Essex^  and 
constitutes  the  upper  part  of  the  clifis  on  both  nde» 
of  Han  well,  varying  from  a  few  feet  to  thirty:  4ir 
forty  in  thickness.  It  extends  inland  along  ::thr 
Suffolk  and  Norfolk  coast,  forming  a  tract  of  at 

•  Vol.  ui.  pL  6.  fig.  5. 
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keaat  forty  miles  in  length ;  near  Ipswich  it  is 
tfKtA  over  a  considerable  area,  and  abounds  in 
ibelk  and  other  marine  exuviffi.  The  fossils  which 
I  now  place  before  you  arc  from  collections  made 
bf  the  late  Mrs.  E.  Cobbold,  of  Holywell  Park, 
tar  Ipswich  ;  Sir  Woodliine  Parish  ;  the  late 
SubdcI  Woodward,  Esq.;*  and  Edward  Charles- 
worth,  Esq..  whose  recent  investigations  have 
thrown  much  light  on  the  zoological  characters  of 
tku  deposits.  The  Crag  is  divided  into  two 
poaps ;  the  lowermost,  or  coralline  Crag,  whick 
i)  composed  of  loose  sand,  and  abounds  in  coraU, 
iponges,  and  shells,  in  so  perfect  a  state  as  to 
iulicate  that  they  lived  and  died  on  the  spot  where 
their  remains  are  entombed.  This  series  is  upwards 
of  fifty  feet  in  thickness,  and  rests  upon  a  layer  of 
Une  day,  which  will  hereafter  be  noticed.  The 
uppermost,  or  Sed  Crag,  so  called  from  its  deep 
feimginoua  colour,  consists  of  sand  with  shells 
which  are  generally  broken  and  water-worn  ;  the 
Norfi^  Crag  appears  to  be  principally  composed 
of  these  upper  beds.  The  fossils  of  the  Crag  are 
extremely  numerous;  they  consist  of  several  hun- 
dred species  of  marine  shells,  some  of  extinct,  but 
the  greater  part  of  species  now  existing  in  the 
Gfliman  Ocean ;  of  corals,  sponges,  and  more  than  a 
hundred  species  of  microscopic  foraminifera ;  with 
teeth  and  scales  of  fishes.  The  collection  of  Crag 
«bells  on  the  table  was  some  years  since  examined 
•  Author  of  ■'  Outlinet  of  the  Qsolooy  of  Nohjolk," 
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by  Mr.  LyeU^  aad  M.  DeiliayAH.  •: 
French  natoralkty  by  whom  sum  ihut 
•pecies  were  eonudered  to  be  (tf  eituMfevMUi; 
and  the  remainder  identical  with  tKpbdm  wid#mir 
inliabit  the  German  Ocean.*  .  t^  J^^dfr: 

14.  The  SuB-ApsNNi]i88.«-%T|ie  Jkfewiiiil^ 
that  chain  of  hills  which  extendi  tluiibii§ll  Im 
Italian  peninsula,  are  flanked^  both  on  tU 
the  Adriatic  and  the  Mediterranean,  by 
Apennines,  a  low  range  composed  of  tertiaoR^i 
sands^  and  conglomerates,  abounding  in 
shells  of  those  species  and  genera  which  promi^at 
some  of  the  strata  were  cotemporaneona  wMlpllto 
Grag,  and  that  others  are  referable  to  a  Mitiinii 
cient  epoch.  These  beds  have  resulted  ito^'Uba 
waste  of  the  secondary  rocks,  which  feiiK'tte 
Apennines,  and  were  dry  land  before  those  4Stfata 
were  deposited.-j- 

15.  Middle  tertiary,  or  mioceke  deposits. 
— In  the  classification  of  Mr.  Lyell,  the  term  Mbh 
cette  designates  those  tertiary  beds  in  which  recent 
species  of  shells  occur,  but  in  a  much  less,  pnh 
portion  than  in  the  preceding  division ;  sddom 
amounting  to  one-fifth  of  the  whole.  As  there 
are  no  good  types  of  this  group  in  Great  Brilao, 
I  shall  merely  observe,  that  marine  and  fresh*i 


*  Principles  of  Geology,  vol.  iv.  p.  71.  ..,,; 

f  Brocchi,  an  eminent  Italian  naturalist,  published  majff 
years  since  a  valuable  work  on  the  fossil  shells  of  the'  $db- 
Apennines. 


LOWER  TERTIARY,  OH  EOCENE  DEPOSITS,         209 

deposits  possessing  the  chamcterB  here  defined 
occur  near  Bordeaux  and  Muntpellier ;  snd  iji 
Piedmont,  Styria,  Hungary,  and  other  parts  of  the 
Snropean  continent;  but  in  many  instances  the 
itrata  seem  to  merge  into  one  or  other  tenn  of 
Iheieriea.  I  proceed  therefore  to  the  consideration 
of  the  Eocene,  or  those  tertiary  strata  which  are 
of  the  highest  antiquity,  and  are  fonud  deposited 
in  basins  or  depressions  of  the  chalk,  where  that 
fomatioa  constitutes  the  fundamental  rock  of  the 
Wuntry.  Every  step  of  our  progress  will  now  be 
leplete  with  the  deepest  interest,  and  new  and 
angular  forma  of  being  will  appear  before  ua.  I 
H  rapidly  over  the  strati  graphical  character 
of  these  rocks,  that  our  attention  may  be  more  fully 
directed  to  the  extraordinary  organic  remains  which 
thc^  inclose. 

16.  Lower  tehtiahy,  oh  eocene  deposits. — 
I  propose,  in  the  first  place,  to  describe  the  geo- 
graphical distribution  and  general  characters  of  a 
few  principal  groups  of  the  older  tertiary  strata ; 
secondly,  to  investigate  the  nature  of  the  more 
remarkable  fossil  animals  and  plants  ;  and  lastly,  to 
survey  those  regions  of  central  France,  of  the  Rhine, 
asd  of  South  America,  which  have  been  the  scenes 
of  active  volcanoes  during  the  tertiary  epoch. 

It  may  be  regarded  as  a  singular  coincidence, 
that  the  capitals  of  Great  Britain  and  France 
located  on  strata  of  the  same  geological   epoch. 
Paris  is  situated  on  a  vast  alternation  i 
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fresh-water  beds,  lying  in  a  depression  of  the 
,1k ;  the  latter  forming  the  bonndary  of  the 
which  the  city  is  placed.  London  is  buSt  on 
clays,  sands,  and  shingles,  also  filling  up  a  basia  of 
the  chalk,  which  skirts  the  area  »f  the  tertiary  slwta 
on  the  south,  but  is  open  to  the  sea  on  the  ea«t.  h 
Hampshire,  a  series  of  contemporaneous  lacoMritK 


deposits,  with  interspersions  of  marine  remuolM 
like  manner  rest  upon  the  chalk,  and  constitaHfVi 
basin  of  the  Isle  of  Wight,  The  relative  sitaatiAi 
and  comparative  extent  of  these  three  groups  an 
«hown  in  ibe  map  (Tab.  SS),  reduced  from  tba 
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rbich  acconipanied  Mr.  Webster's  first  e 

it  of  the  characters  of  the  British  tertiary  for< 
;  and  this  section,  by  Mr,  Lyell  (Tab.  34), 
"•from  Hertfordshire  across  the  British  Chanoel,  to 
<Sai>  in  France,  explains  the  position  of  the  London 
i*Aris  basins,  and   the    underlying  secondary 


17.  The  Paris  basin.  — The  Paris  basin  is 
from  east  to  wGst  about  100  miles  in  extent,  and 
ISQjrora  north-east  to  south-west;  the  total  thick- 
Bets  of  the  beds,  or,  to  use  other  terms,  the  depths 
,  paaaad  through  to  reach  the  chaik,  varying  from  one 
.to  several  hundred  feet. 

The  strata,  commencing  with  the  lowermost,  or 
DMBt  ancient,  present  the  following  characters: — 

1,  The  lowermost  Chalk  flints,  broken,  and  par- 
tially rolled,  sometimes  conglomerated  into  ferru- 
^iaoae  breccia.  A  layer  of  this  kind  is  vtry 
sitDmmon  on  the  South  Downs,  immediately  under 


nt^  turf. 

.-    2.  PUts 

ic  clay,  and  sand.     Clay  and  sand,  with 

*ft*slt-wate 

shells,  drifted  wood,  lignite,  leaves,  and 

A 
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fruits ;  intercalated  with  limeahwe  cwHiUiiiiHig  in- 
rinef  hells.  '■'■'■'\^- 

5.  SiUehui  UmuUme^  fresh-wafer  and  ImmstoM 
shdb  and  plants,  and  marine  limestooe^  or  CSakmllk 
ffromer^  a  eoarse  compact  limestoDe,  pasaiiigt  jiii 
calcareous  sand,  and  abounding  in  marine  sheik^ 
These  beds  often  alternate,  and  are  ooiisidefei% 
M.  Constant  Prevost  to  be  contemporaneous  to* 
mations ;  the  marine  strata  having  been  foimed  b 
those  parts  of  the  basin  which  were  open  to  lis 
sea;  and  the  fresh-water  limestone,  by  mhiieitl 
waters  poured  into  the  bay  from  the  south;  'the 
continent  being  situated  then,  as  now,  to  the  sotfH, 
and  the  ocean  to  the  north.  Partial  laym-iof 
fnillioiite  limestone,*  almost  entirely  composed  <rf 
microscopic  chambered  shells,  occur  in  this  fart 
of  the  basin. 

4.  Gypseous  marls,  and  limestones,  with  bones  of 
animals,  and  fresh-water  shells  of  fluviatile  origin. 
These  are  supposed  to  have  been  discharged  by  a 
river  which  flowed  into  the  gulf;  the  gypsum  being 
precipitated  from  water  holding  sulphate  of  lime 
in  solution,  in  the  same  manner  as  the  travertine 
or  onlcaroous  tufa,  of  which  we  have  already  spoken 
(page  5(>.) 

5.  f'pper  Marine  formation,  consisting  of  marls, 
micaceous  and  quartzose  sand,  with  beds  of  sand- 
stone abounding  in  marine  shells. 

*  So  called  from  its  inclosing  immense  quantities  of  a  minute 
>heU,  named  MiUhltte* 
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.6.  Upper  fresh-water  marls,  with  interatratified 
Uyen  of  flint,  contaiaiDg  seed-vesaels  of  aquatic 
piuits  ( CAar<e),  and  animal  and  vegetable  remaiiiB. 
Tbeie  beds  are  attributed  to  lakes  or  marshee, 
vhich  esisted  after  tiie  marine  sands  had  filled  up 
t^  basin. 

From  this  rapid  sketch,  we  perceive  that  the  strata 
which  occupy  tlie  Paria  baain,  have  been  produced 
bf  a  succession  of  changes  that  readily  admits  of 
nqjIanatioR  by  the  principles  so  ably  enforced  by 
Hutton,  Playfair,  and  Lyell,  and  explained  in  the 
previous  lecture.  Here  we  have  an  ancient  gulf  of 
the  chalk,  which  wa^  open  to  the  sea  on  one  side, 
whUe  on  the  other  it  was  supplied  by  rivers  charged 
with  the  spoils  of  the  country  through  which  they 
flowed,  and  carrying  down  the  remains  of  animals 
and  plants,  with  land  and  river  shells  ;  and  there 
were  occasional  introductions  of  mineral  waters. 
Changes  in  the  relative  level  of  the  land  and  sea 
took  place,  and  thus  admitted  of  new  accumulations 
upoQ  the  previous  deposits  ;  lastly,  the  country  was 
elevated  to  its  present  altitude  above  the  sea.  Muta- 
lioBa  of  this  kind,  as  we  have  already  seen,  are  in 
pcogress  at  the  present  moment,  and  afford  a  satis- 
iactory  elucidation  of  these  interesting  phenomena. 
1  reserve  my  remarks  on  the  fossils  of  the  Paris  basin 
to  the  nest  section,  and  pass  to  the  examination  of 
the  analogous  beds  in  our  own  island. 

18.  The  London  basin. — The  tertiary  strata 
on  wfaich  the  metropolis  of  England  is  situated  are 
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spread  over  a  considerable  area,  wfiich  ia  bouul 
on' the  south  by  the  North  Downs  ;  extendx  oai 
west  beyond  High-elm  hill,  in  Berkshire ;  an4< 
the  north-west  is  flanked  hy  the  Chalk  bilM 
Wiltshire,  fierksliire,  Oxfordshire,  Buckingbl 
shire,  and  Hertfurdahire.  Ou  the  east  it  is  opel 
the  sea ;  the  Isle  of  Sheppey,  situated  in  the  mi 
of  the  Thames,  being  an  outlier  of  the  same  depM 
It  spreads  over  Essex,  a  considerable  part  of  i 
folk,  Epping  and  Hainault  forests,  the  irholl 
Middlesex,  aud  a  portion  of  Bucks.  In  the  \ai 
diate  vicinity  of  the  metropolis,  a  Stiff  clay^ 
bluish-black  colour,  abounding  in  marine  reiat 
constitutes  the  great  mass  of  the  materials  wl 
lill  up  this  ancient  gulf  of  the  ocean.  ImmedU 
upon  the  chalk,  however,  there  occur  thick  b«d 
sand  and  clay,  called  Plastic  clay  (from  its  and 
lo  tlie  Argile  Plasti^ue  of  the  Paris  basin),  in  wl 
fresii-water  sheila,  plants,  and  drifted  wood,  hire 
been  found  in  some  localities.  In  other  instanceSf 
layers  of  green  sand  tie  upon  the  chalk,  which  M 
Keading  contain  immense  quantities  of  oyster- 
shells  :  a  similar  accumulation  of  shells  has  been 
observed  at  Headley,  iu  Surrey,  a  few  miles  from 
Ileigate,  by  Mr.  Peter  Martin,  jun.  of  that  town. 
At  Bromley,  in  Kent,  there  is  a  bed  of  oyste^-shella 
with  pebbles  of  chalk-flints,  which  are  cemented 
together  by  a  calcareous  deposit  into  a  remarkable 


I 


III.  TUB  LONDON  BASIN.  2).', 

cunglomerate,  iti  niuub  request  for  grottoes  anil 
onrtmental  rock-work.  The  London  cluy  is  found 
inunediately  beneath  the  gravel  which  so  geiioratly 
(wna  the  aub-soil  of  the  metropolis  ;  it  is  of  great 
etient,  and  varies  from  300  to  600  feet  in  thickueas. 
His  clay  fomis  a  dark,  tough  soil,  and  has  occb- 
fional  intermixtures  of  green  anil  ferruginous  sand, 
and  variegated  clays.  It  abounds  in  spheroidal 
nodules  of  indurateid  argillaceous  limestone,  in- 
ternally filled  by  veins  of  calcareous  spar,  or  sul- 
phttte  of  barytas,  disposed  in  a  radiating  manner 
Atira  the  centre  of  the  nodule  to  the  circumference. 
^Him  the  appearance  of  partitions  which  this  cha- 
eonfers,  these  concretions  are  commonly 
,by  the  name  oi  Septariai  shells  and  other 
remains  frerjuently  form  the  nucleus  of 
LBodules,  which  are  used  in  prodigious  quan- 
for  cement.  The  specimens  on  the  (able  are 
Higligate  and  Bogiior ;  two  from  the  latter 
leeslity,  presented  to  me  by  Dr.  Hall,  contain 
beautiful  emmples  of  an  extinct  species  of  nautilus'. 
The  septaria  are  commonly  disposed  in  horizontal 
lines,  and  lie  at  unequal  distances  from  each  other, 
&rilliant  sulphurct  of  iron  abounds  in  the  clay, 
ud  is  seen  in  this  septarium,  as  well  as  in  many  of 
Uh  organic  remains.  Crystallized  sulphate  of  lime, 
m  aeienite,  is  also  common  in  these  as  in  other  ar- 
gUUccous  strata.  The  cuttings  through  llighgate 
Hill,  to  form  the  archway ;  the  excavations  in  the 
Jle^ut'a    Park ;    and   more   recently   the  tunncla 
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carried  tlirough  a  part  of  the  same  ridge  of  4 
at  Primrose  Hill,  in  the  line  of  the  Birmio^ 
railroad;  and  the  exploration^,  by  wells,  ovehj 
whole  area  around  London,  have  brought  to  I( 
such  prodigious  quantities  of  organic  reniaias,  % 
the  fossils  of  this  deposit  are  almost  i 
known.  The  admirable  work  of  the  late  J 
Sowerby,  called  early  attention  to  these  testa 
remains,  tlie  first  plate  in  his  Mineral  Col 
being  devoted  to  the  "  Nautili  of  the  Londoi 
Immense  numbers  of  marine  shells  of  extinct  % 
cies;  crabs,  lobsters,  and  other  Crustacea; 
of  sharks,  and  remains  of  many  genera  of  flahea; 
bones  of  crocodiles  and  turtles;  leaves,  fruits,  steins 
of  plants,  and  roiled  trunks  of  trees,  perforated  by 
boring  shells,— occur  throughout  these  strata,  bat 
are  located  in  greater  abundance  in  some  spots  thus 
in  others.  The  clay  and  gravel  pits  at  Woolwich, 
on  the  banks  of  the  Thames,  abound  in  univalve 
shells ;  and  at  Plumstead,  Qexley,  and  other  placet, 
marine  bivalve  sheila  occur  in  clay,  and  in  indurated 
argillaceous  limestone. 

19.  The  Isle  op  Shefpey.— The  lale  of  Sheppey 
is  entirely  composed  of  the  London  clay,  and  the 
thickness  of  the  beds  is  upwards  of  550  feet.  It  has 
long  been  celebrated  for  its  organic  remains ;  and 
I  may  observe,  that  the  discovery  of  seed-vessels 
and  stems  of  plants  in  pyritous  clay,  in  a  visit  which 
I  made  to  Queenborough,  when  a  youth,  tended  to 
con&rm  my  early  taste  for  geological  re6earob«|h 
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Tile  AiSs  on  the  north  of  the  island  are  about 
960'  iset  high,  and  consist  of  clay,  abounding  in 
iepiarioy  which  are  washed  out  of  the  cliffs  by  the 
Mjon  of  the  sea,  and  are  collected  for  cement. 
Hm  organic  remains  are,  however,  unfortunately 
so  iitroDgly  impregnated  with  pyrites,  that  the  coU 
IddJCbr  often  finds  the  choicest  fossil  fruits  in  his 
oMnet,  like  the  fabled  apples  of  the  Dead  Sea,  one 
nioment  perfect  and  brilliant,  and  the  next  decom* 
posed  and  changed  to  dust,  leaving  only  an  eiBo- 
reseent  sulphate  of  iron.  The  same  species  of 
aBlmal  arid  vegetable  remains  that  are  found  in 
the  bhie  clay  of  the  metropolis,  abound  in  profusion 
in  Ahe  Isle  of  Sheppey. 

^  SO.  Fossil  fruits  op  the  tertiary  strata. 
-^{Seed-vessels,  and  stems  and  branches  of  trees,  of  a 
tropical  character,  probably  drifted  by  currents  into 
the  gulf  of  the  London  basin,  occur  in  such  abun- 
dance and  variety,  that  the  existence  of  a  group  of 
spiee  islands  seems  necessary  to  account  for  so  vast 
an  accumulation  of  vegetable  productions.  The 
seed-vessels  found  at  Sheppey  are  referable  to 
sef^nd  hundred  species ;  some  are  related  to  the 
ci^amom,  date,  areca,  cocoa;  and  one  species  of 
berry  bears  much  resemblance  to  the  fruit  of  the 
co^See*  The  wood  found  in  the  Sheppey  clay  is 
g^^ftierally  of  a  dark  colour,  with  the  ligneous  fibres 
aild  circles  of  growth  well  developed ;  it  is  often 
Tein^  with  brilliant  pyrites,  and  the  fissures  and 
catties  are  frequently  filled  with  that  mineral.    It 
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fcMii  finw  finofli  tii6  iwai^  off  A 
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M  vdl  M  the  pcrloiationt  in  tha  wood, 

with  pjritM»  indanled  di^Tf  aigillaeaoaa 

or  calcareoM  spar;  and  ■pfcimify 

polifhfid,  exhibit  iotereitiii^  secstioM  of 
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from  the  banks  of  the  canal  in  tha  Ragenfa  JW^ 

the  grain  of  the  wood,  with  the  shdby  and[>thfe 

excaTationsy  are  beaatifollj  dispUyed.  ■  h»  lo' 

21.  Upper  marine,  or  Baosbot  aAMiiw-iMAlP 
Highgate  and  Hampstead,  Pnrbright  and  FMadef 
Heaths,  in  Surrey,  and  on  Bagshot  Heath,  exlausii^ 
beds  of  sand  occur,  with  but  few  traces  of  organic 
remains ;  those  hitherto  observed  are  principally 
casts  of  marine  shells.  In  cutting  through  the 
summit  of  Goldworth  hill,  four  miles  north  of  GuiUt' 
ford,  on  the  line  of  the  London  and  Southampton 
railway,  teeth  and  other  remains  of  several  genera 
of  fishes  have  lately  been  discovered;  the  teeth  of 
sharks,  and  the  palates  of  rays,  are  the  most  nnms* 
Fous.  One  large  tooth  of  a  saw-fish,  afiPords  the 
first  well«authentioated  example  of  the  genus  pn^ 
triif  in  a  fossil  state,  in  England ;  and  there  havie 
also  been  found  teeth  of  several  new  geneEa^nf 
cartilaginous  fishes,  related  to  ptammodHsJ^    The 

.  * .  Frooeedhigt  of  tke  Geological  Societr^,  vol  ii  p.  W!i  ^  ■ 


'and  masses  of  sandstone,  which  are  abun- 
le  of  the  chalk  valleys  and  on  the  flanks 
Downs,  are  called  Sarsdep-etone,  or  Druid 
■udstone,  from  being  the  principal  material  em- 
played  in  the  construction  of  Stonehenge,  and  other 
!3raidical  monuments;  they  are  supposed  to  have 
beea  derived  from  tlie  sand-beds,  which  overlie  the 
Xondon  clay  in  the  places  above  named ;  they  may, 
however,  have  belonged  to  the  sands  which  lie  be- 
breea  the  clay  and  chalk.  The  wastes  and  unpro- 
dnctiTe  heaths  around  the  metropolis,  are  sites  of 
these  arenaceous  deposits,  which  also  form  the  sub- 
soil of  that  charming  and  picturesque  spot,  Harap- 
itnd  Heath.  The  gravel  and  shingle,  associated 
Kith  the  sands,  have  unquestionably  been  derived 
from  the  roins  of  the  chalk  formation. 

2S.  Ahtbsian  wells. — As  from  the  alternation 
of  porous,  arenaceous  strata,  with  stiff  or  impervious 
beds  of  clay,  the  artificial  perennial  fountains,  called 
ArteBian  wells,  are  of  frequent  occurrence  in  the 
vicinity  of  the  metropolis,  1  will  in  this  place  offer 
a  few  remarks  on  the  phenomena  of  springs.  The 
descent  of  moisture  from  the  atmosphere  upon 
Ibe  earth,  and  its  escape  into  the  basin  of  the 
OQenii,  by  the  agency  of  streams  and  rivers,  ivere 
■otioed  in  the  first  lecture.  The  rain  falling  un  a. 
gravelly  or  porous  soil,  will,  of  course,  descend 
liirough  it,  till  its  progress  is  arrested  by  a  clayey  or 
impervious  stratum,  which  will  thus  form  a  natural 
taultiidr  reservoir,  collect  the  water,  and  a  subti 
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nneui  pool  or  canal  will  be  the  iend^'aeemii% 
to  the  direction  and  eonfignnitioii  ef  the  lapffti 
forface  of  the  day.  This  atate  of  thingi.vJMiMft 
tinue,  till»  by  an  increased  supply^  the 
aboYO  the  levd  of  the  basin^  or  4*^^nri, 
flowing,  escapesy  either  through  the  poioiis 
or  by  fissures  in  the  solid  rocks,  to  anettei 
If  the  course  of  the  waters  be  sabtanranemlMlhi 
softer  beds  are  worn  away,  and  chasms  or: 
are  thus  formed,  hence  rivers  and  streamsyof 
extent,  occur  in  many  of  our  mines ;  but  if 
finds  its  way  to  the  surface,  a  spring  buBsta-Ailk 
This  is  the  nature  of  all  springs,  except  thdse 
arise  from  great  depths,  and  probably 
from  the  condensation  of  steam,  evolved  thiouj^ 
fissures  by  volcanic  agency }  such  are  the  thermsl 
waters  of  many  countries*  Streams  impr^nated 
with  the  mineral  substances  contained  in  the  strata 
through  which  they  flow,  are  called  mineral  waters. 
Those  in  the  tertiary  strata  near  Epsom,  contain 
sulphate  of  magnesia,  whence  the  name  of  Epsom 
salt,  given  to  this  substance  wherever  it  occurs. 
But  strata  which  are  pervious,  frequently  alternate 
with  others  which  are  not  so ;  or  may  form  a  basin, 
the  area  of  which  is  partially  filled  with  clay,  through 
which  water  cannot  pass :  in  such  a  case,  it  is  ob« 
vious  that  the  bed  of  sand  beneath  the  clay,  fed  by 
the  rain  which  descends  on  the  uncovered  margin 
of  the  basin,  must  form  a  reservoir,  and  the  water 
gradually  accumulate  beneath  the  central  plateau 
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of  clay,  through  which  it  cannot  escape.  If  this 
bed  of  clay  be  penetrated,  either  by  natural  or  arti- 
ficial meaos.  the  water  must  neceasarily  ri»e  to  the 
lariace,  and  may  be  even  thrown  up  in  a  jet  to  an 
i  which  will  depend  on  the  level  of  the  fluid 
nibteiranean  reservoir ;  such  is  the  pheno- 
>  observable  in  the  Artesian  welts  around 
iABilaii.  Argillaceous  strata  are  generally-  found 
lv.be  dry  within  ;  and  the  blue  clay  cunfines  the 
nta  contained  in  the  sands  beneath  ;  the  engineer 
paifcrates  the  clay,  introduces  tubes,  and  taps  the 
laKnl  tank;  by  this  method,  the  perennial  foun- 
ttM«f  Tooting,  Hammersmith,  Fulliani,  &c.  have 
hmebtained.*     The  wells  sunk  into  the  London. 


%  (Tab.  35,  1,  d,  </.)  yield  no  water;  but  the 
sandy  strata  alternating  with  the  clays,  afford  a 
sapply,  the  quantity  and  quality  of  which  depend  on 
the  nature  of  the  rock.     The  borings,  which  reach 

•  Conault  Dr.  BucWsn.l'a  Bridgewater  Easay,  p,  561  ;  and 
m  ktollable  Ejiay  on  Artesian  WpUb,  in  that  eicelletit  scien- 
tilOfniodical,  the  Mining  Journal,  conducted  by  H.Engliih, 


tke  MUldfl  of  the  plastie  eky  (Tab.  95^  %^J^ 
sUi  good  soft-water;  and  dui  wdk  .that 
to  the  ehalk  (Tab.  35,  S,  a,  ft^  Ay)  aA»d 
dant  sapply,  which  often  rises  to  the 
a  pereonial  fountaiiiy  for  the  dialk  teats  omsm^HM 
penrious  bed  of  marl  and  clay*  Of  Ike 
utility  of  geological  knowledge,  even  ia  thft:i 
operation  of  sinking  a  wdl,  I  onoe  had  d 
proof.  A  gentleman  residing  in  SosseK^MiB  jdH 
borders  of  the  Forest  Ridge,  who  had  seea'Mlh 
admiration  the  perpetoal  springs  in  the 
the  metropolis,  determined  to  form  one  in  his 

at Park.     Accordin^y,  a  person  ebn 

with  the  construction  of  the  Artesian  weUa: 
London  was  employed,  and  the  necessary  ai 
obtained :  but  the  engineer,  being  wholly  ignonat 
of  the  nature  of  the  strata,  carried  his  operations  to 
a  great  depth,  through  the  beds  of  the  wealden 
sand  of  which  the  district  is  composed,  and,  of 
course,  without  success,  as  the  least  geological 
knowledge  of  the  strata  of  the  country  wonld  have 
foretold.  The  undertaking,  after  considerate 
labour  and  expense,  was  abandoned. 

23.  The  Hampshire,  or  Isle  of  Wight  nasur. 
— The  London  basin  presents  but  little  analogy  to 
the  alternate  marine  and  freshwater  deposits  of  that 
of  Paris ;  but  in  Hampshire  and  the  Isle  of  Wight, 
there  is  an  extensive  suite  of  tertiary  strata,  oon* 
posed  of  clays,  sands,  and  limestones,  containiBg 
freshwater,  with  intercalations  of  marine  remains. 


group  extendB  over  a  considerable  district, 
On  the  east,  a  small  outlier  of  the  lower  beds 
i^tpears  at  Castle  Hill,  Dear  Newhaven,  in  Sussex  ;* 
but  to  the  westward  of  Brighton,  beyond  Wor- 
lliiiig,  the  London  clay  risea  to  the  surface,  and 
(wmi  the  sub-soil  between  the  Downs  and  the 
N>-ihore.'  The  inland  boundary  stretches  by  Chi- 
Aulet,  Emeworth,  and  Southampton,  to  Dorches- 
ter; and  the  clay  is  spread  over  the  whole  area  of 
tbe  New  Forest  and  the  Trough  of  Poole,  being 
fauked  by  the  chalk  on  the  north,  nortii-east,  and 
BDTth-west,  and  open  to  the  sea  on  the  south.  The 
Iile  of  Wight,  although  now  separated  from  the 
Oiin  land,  is  a  disrupted  mass  of  the  formations  of 
tilt  south-east  of  England  ;  the  chalk  basin  having 
bttn  broken  up,  and  the  chalk  and  the  superim- 
pCwd  aaods,  clays,  and  gravel,  in  some  instances, 
throwD  into  a  vertical  position.  A  remarkable  and 
vdl'kaown  instance  of  this  phenomenon  occurs  at 
Alum  Bay,  so  called  from  the  alum,  formerly  ex- 
tftcted  from  the  decomposing  pyrites,  with  which 
Ibe  clay  abounds. 

24.  Alum  say.— This  sketch  (Tah.  36)  conveys 
igeneral  outline  of  the  bay ;  a,  represents  the  ver- 
tical chalk ;  b,  b,  the  corresponding  tertiary  strata, 
Cossisting  of  sands  and  clays  of  an  infinite  variety  of 
colour,  and  containing  abundance  of  shells.  Advaii' 
tage  is  taken  of  the  diversified  tints  of  the  sands  to 
lepresent,  in  glafs  vessels,  landscapes  of  the  island, 

•"■'I  »  Geology  Oflhe  Sooth- Eaat  of  England,  p- 
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whicli  are  sold  to  vbitors.  The  appearance  of  Alum 
Say  is  thus  grapbicatly  described  by  Mr.  WebstOT, 
whose  able  memoir  on  the  strata  above  the  Enghsli 
ehalk,  formed  a  new  em  in  British  Geology,  anil 
raised  our  tertiary  scries  to  an  importance  eqnat  to 


that  of  the  Paris  basin.  "  The  clays  and  raitA'Af 
Alum  Bay  afibrd  one  of  the  most  interesting  notuiil 
sections  imaginable.  They  exhibit  the  actual  stateof 
the  strata  immediately  above  the  chalk,  before  any 
change  toolt  place  in  the  position  of  the  latter.  For, 
although  the  beds  of  wliich  tiiey  are  composed  bk 
quite  vertical,  yet  I'rom  tlie  nature  and  varietj  of 
their  composition,  and  the  regularity  and  numbar  of 
their  alternations,  no  one  who  views  them  con  doubt 
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dliai  tbey  have  suffered  no  change,  except  that  of 
ilnviDgbeen  moved  with  the  chalk  from  a  horizontal 
'lOK  vertical  position.  These  sands  and  clays  pre- 
isit  every  Tariety  of  colour  of  green,  yellow,  red, 
irimaOD,  ferrugiuons,  white,  black,  and  brown." 
Beds  of  pipe-clay  also  occur;  some  of  which  con- 
ttlD  Uyers  of  wood-coal,  witli  branches  and  leaves. 
'The  coal  burns  with  difficulty,  and  emits  a  strong 
reous  nmell ;  masses  are  constantly  drifted 
sea  and  thrown  on  the  nhore  near  Brightun, 
this  substance  was  formerly  used  as  fuel  by 
inhabitants." 

LoHDOH  CLAY  OF   THE  HaMPSHIBB  BASIN. 

London  clay  extends  over  the  greater  portion 
area  of  the  Hampshire  basin,  its  peculiar 
abounding  in  many  localities.  Castle  Hill, 
Tewhaven,  which  has  been  already  mentioned, 
Series  of  sands,  marls,  and  clays,  with  beds  of 
oyster-shells  and  of  shingle  that  occupy  the  upper 
port  of  the  hill,  and  rest  upon  the  chalk  which  forms 
the  lowermost  fifty  feet  of  the  cliff.  The  sub- 
ulate of  alumine,f  a  mineral  substance  peculiar 
to  this  locality,  occurs  in  the  ochraceous  clay  which 
is  in  immediate 'Contact  with  the  chalk.  Selenite, 
or  eryslallized  gypsum,  abounds  in  the  gypseous 
marls;  a  layer  of  surturbrand,  or  wood-coal,  a 
few  inches   thick,   contains   impressions   of  land- 

•  SeeGeologyofthe  South  Downs,  p.  261. 
t  British  Mineralogy,  Tab.  tW.     Geology  of  Hie  Soulh- 
.SMatEiiglBiid,p.i6. 
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plantdj*  and  tfie  argillaceous  beds  cODtain  d 
and  fresh-water  shelb  in  such  abundance,  that  M 
of  ibem  are  mere  masses  of  compressed  shells,  Ip 
together  by  argillaceous  eartli.  The  oysters  ai 
solidated  into  coarse  stone,  and  where  pebbles  ej 
into  the  oonipusition  of  this  cancret< 
blanee  is  presented  to  the  Bromley  oyster  coog 
merate  (p.  214).  Teeth  of  sharks  haveb 
in  these  strata.  At  Chimting  Castle,  n 
on  the  eastern  escarpment  of  the  valley  af  the  0 
olive-green  sand,  and  a  ferruginous  conglom 
of  chalk-flints,  lie  upon  the  chalk,  thus  determid 
the  original  eitension  of  the  tertiary  beds  aJoog 
the  Sussex  coast.-^  Westward  from  Brighton,  the 
London  clay  is  perceived  near  Worthing,  emergiag 
from  beneath  those  newer  deposits  which,  as  we 
have  already  seen,  contain  remains  of  elephants. 
At  Bognor,  an  arenaceous  limestone,  full  of  the 
usual  shells  of  the  Calcaire  grassier  and  London 
clay,j:  constitutes  a  group  of  low  rocks,  which  in 
auother  century  will  probably  have  entirely  dis- 
appeared. The  beauty  and  variety  of  the  shells, 
particularly  of  the  nautili,  and  of  the  perforated 
fossil  wood,  render  these  organic  remains  objects 
of  great  attraction.  In  the  blue  clay  at  Brackleshani 
Bay,  and  at  Stubbington,  on  the  western  coast  of 
Sussex,  fossil  shells  may  be  obtained  at  low-water 

•  Fossilaoflhe  South  Downs,  PI.  viii.  figs.  1 , 2,  S,  *. 
t  Geology  of  the  South- East  of  England,  p.  02, 
X  FosbUb  of  the  South  Donns,  p.  211. 
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profusion;    and  Hordwell  Cliff,  in  Hampshire, 
t  so  long  been  celebrated  for  similar  productions, 
U  its  elegant  shells  are  seen,  in  almost  every  col- 
lection of  organic  remains.     In  all  theae  localities 
Ihe  shells  are  of  the  same  genera  and  species  with 
thoM  of  the  contemporaneous  deposits  of  France. 

88.  Fbbsh-water  strata  of  the  Islb  op 
Wight. — The  great  peculiarity  and  interest  of  the 
Isle  of  Wight  basin,  as  compared  with  that  of 
Loodon,  consists  in  the  existence  of  strata  con- 
titning  alnioat  exclosively  fresh-water  shells  and 
nuaini  of  the  same  kind  of  animals  as  those  which 
omtr  in  the  vicinity  of  Paris.  Mr. Webster  arranged 
ills  tertiary  beds  of  Hampshire,  in  the  following 
Btuiier: — 1st.  Lowermoati  Plastic  clay  and  sand. 
3d,  London  clay.  Sd.  Fresh-water  deposits, — 
aiodj  calcareous  maris,  with  immense  quantities  of 
ffesh-water  shells,  ith.  Clay  and  marl,  abounding 
in  marine  shells ;  very  generally  of  ditferent  species 
inan  those  of  the  London  clay.  5th.  Upper  fresh- 
*Uer  deposit;  yellowish  white  marl,  and  calcareoua 
liincstone,  employed  for  bailding ;  nearly  sixty  feet 
in  thickness,  and  almost  one  entire  mass  of  fresh-  - 
VaCer  Bbells, 

Subsequent  observations  have  shown  that  the 
above  snbdivigions  have  been  made  from  too  partial 
w  of  the  phenomena,  and  that  the  entire  suite 
of  depoNts  must  be  regarded  as  a  fresh-water  for- 
m,  into  which  there  have  been  occasional 
irraptions  of  the  sea. 

«2 
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The  abore  keries  is  well  devdoped  at  "Heffixm 
Hill,  where  the  fresh-witer  strmia,  iriiich  aue^Md 
those  of  Alum  Bay,  lie  in  a  nearly  hdrUSStiil 

HeadonHffl.  AIomBi^.         ..^   -j.' 


Tai.  87.— Ssonov  or  Hiaoov  Hiia  avs  Auric  BaW'  ''^ 

Fig.  1.  Tbe  iMdsontal  ftvah-water  bedt  of  Headon  HilL    S.  Yjifllfft 
tertiAzyitKiteof  AlomBay..   8.  Almott  tertieal  tads  of  cfeitt.' 

direction*  At  Binstead,  near  Calbonrne,  :  llid 
Morley,  quarries  have  been  opened  in  the  titHBif* 
water  limestone ;  and  bones  and  teeth  of  A^kjptl^ 
AeriOy  PcdtBotheriay  of  the  Chiropotamus  an  aniinsl 
allied  to  the  Peccariy  and  of  a  species  of  MosehuSy 
have  been  discovered. 

27.  Organic  remains  of  the  Paris,  London, 
AND  Hants  basins.^ — So  numerous  are  the  relics 
of  the  inhabitants  of  the  ancient  land  and  water 
entombed  in  the  strata  which  we  have  thus  cur- 
sorily  surveyed,  that  I  can  only  attempt  a  brief 
description  of  the  organic  remains.  To  condense 
my  remarks  as  much  as  possible,  I  shall  select  the 
fossils  of  the  Paris  basin  as  the  types  of  the  zoology 
of  the  older  tertiary  epoch,  and  include  notices  of 
such  species  as,  occurring  in  British  and  oth^ 
localities,  may  be  requisite  for  the  illustration  of 
the  subject. 


28.  Fossil  plants  and  zoophytes. — Fossil 
wood  occurs  in  vast  abundance,  particularly  in  the 
state  of  large  trunks  and  branches,  which  appear 
to  have  been  drifted,  aud  are  full  of  perforations 
inclosing  shells  of  boring  moUusca.  Bognor  rocks, 
the  clay  around  London,  of  the  Isle  of  Sheppey,  &c. 
abound  in  specimens  of  this  kind.  The  wood  is 
dicotyledonous,  that  is,  like  the  oak,  ash,  &c. ;  its 
mode  of  increase  was  by  annular  circles  of  growth, 
as  will  be  explained  in  the  lecture  on  Fossil  Botany. 
Leaves  and  stems  of  palms  have  been  found  in  the 
Paris  basin,  and  in  the  Isle  of  Sheppey,  &c.;  and  a 
trunk  of  a  tree  related  to  the  palm,  nearly  four  feet 
in  diameter,  at  Soissons.  Fruits  belonging  to  trees 
allied  to  the  areca,  pine,  fir,  cocoa-tree,  &c.  have 
been  discovered  in  several  localities.  Accumula* 
tioDS  of  vegetable  matter,  in  the  Etate  of  lignite  or 
brouni  coal,  occur  at  Bovey  Tracey  in  Devonshire, 
and  in  various  parts  of  France,  the  Netherlands,  Ac- 
Amber,  and  a  substance  which  has  been  called 
Higfagate  resin,  are  occasionally  imbedded  in  these 
deposits. 

.  Zoophytes.  —  Polyparia,  or  corals,  occur  in 
pome  of  the  marine  strata,  but  they  are  not  very 
numerous;  several  species  of  turbinolia,  carj'o- 
pfayllia,  fungia,  and  other  corals,  are  figured  and 
described  by  authors.  I  have  a  few  specimens 
from  Grignon.  The  modern  tertiary  (those  of 
Palermo)  abound  in  various  kinds  of  flustra  and 
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20.    MaHINE    ASD    Ffi£Btt-WATEa    SHBLU    Mf 

THE  TERTiABY  STRATA.  —  So  numerouB  are  d(l 

shells  of  tlte  tertiary  epoch,  already  determined  ij  I 
naturalists,  that  they  exceed  one-hair  of  tJie  knon  I 
living  species,  amounting  to  nearly  tbrea  thousuuLff 
Wc  have  already  seen  that  some  of  the  itrala  v 
almost  entirely  composed  of  these  remains  in  i1 
broken  and  compressed  state :    at  NewbELveQ,  i>  | 
Sussex,  many  scams  in  the  argillaceous  beds  vhoUj 
consist  of  shell-dust.     In  other  localities  the  sbelU 
occur  in  the  most  perfect  state ;  and  Grignon,  > 
few  leagues  from  Paris,  has  long  been  celebrated 
for  its   beautiful  foisils,    hundreds   of  speciet  of 
shells  peculiar  to  the  older  tertiary  strata  having 
been  collected  in  one  spot  nione:  these  belong  to 
the  Caleaire  grouier,  and  many  of  the  species  occo^ 
in  the  London  and  Hampshire  basins,  and  BognoT 
rocks.    I  have  selected  a  few  specimens,  from  thoa^ 
in  uiy  possession,  to  convey  an  idea  of  their  usua-*^ 
characters  and  appearance,    (Tab.  38.) 

Although,  in  mentioning  the  names  of  liies^^ 
shells,  I  do  not  expect  that  any  but  the  seiantific^ 
inquirer  will  endeavour  to  fix  tliem  o. 
yet  it  is  useful  to  point  out  to  j'ou 
which  prevail  in  these  tertiary  beds ;  for,  as  I  bsr^ 
already  stated,  certain  fossils  are  peculiar  to  c 
strata,  and  the  experienced  geologist  can  often,  at^ 
glance,  determine  the  relative  antiquity  of  a  depc 
by  an  esamination  of  a  few  species  of  shells. 
whole   of  these   forms  must  be  familiar  .to  ] 


ETERTIAJIY  STRATA, 


jjbecBuse  the;  belong  to  genera  which  bave  specie: 
rtiW  living  in  our  present  seas.     Tiie   Cffpraxi,  v 

CDwry  (fig,  1),  and  the  Ancilla, 


^9    ^^  'i^P 


■  are  well-known   types.       Tiie   Cerithium   (fig.  4) 
I  genus  which  is  most  abundant  in  the 
la  of  the  ^ris  basin,  and  is  remarkable  for 
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elegance,  number,  and  variety  of  the  specie^  will 
exceed  by  three  times  those  of  their  living  ■ 
loguea.  The  Cerithium  giganteum  attains  a  « 
siderable  magnitude.  Some  masses  of  the  Bogol 
rock  are  almost  wholly  composed  of  a  specie*^ 
Pectunculas.  The  Ampttlktria  (Tab,  31 
abounds  at  Grignon,  and  is  commonly  ii 
tiful  state  of  freslmess.  You  will  recollect  that  ■ 
most  of  the  carnivorous  species  the  apertiiMoftIf 
shell  is  channelled.  (Tab,  38,  figs.  S,  S,  4,  &)     i 


Frbsh-wateb  tertiaky  shells. — It  ha 
ready  been  obB«rved,  that  the  shells  of  the  moUusca 
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mUch  inhabit  fresh  water,  possess  characters  by 
irbich  they  may  be  distinguished  from  the  marine 
(peoies.  This  small  selection  from  the  fresh-water 
beds  of  Paris  will  serve  to  elucidate  my  observa- 
tiona,  The  general  appearance  of  these  sheila  will 
bting  to  your  recollection  the  species  which  inhabit 
(BT  ponds  and  rivers;  particularly  the  large  thin 
Mail  (fymnea,  fig,  5)  and  the  discnidal  shells  {plan- 
trUt,  figs.  6,  7i  8) ;  while  figs.  3  and  *  (cyclofloma) 
Keaemble  a  species  often  found  on  the  banks  of 
bkes.  At  Headon  Hill,  and  at  Binstead  in  the 
Isle  of  Wight,  the  clay  and  limestone  are  filled 
with  the  remains  of  several  species  of  planorbis 
land  l^nea. 

30.   NUMMULITES,   AND  OTHER  CEPHALOPODA. 

■ — Several  species  of  nautilus  abound  in  the  tertiary 
ftrata ;  those  inclosed  in  the  septaria,  or  indurated 
ai^llaceous  nodules,  of  the  London  clay  at  High- 
gate,  Sheppey,  and  Bognor,  possess  considerable 
beauty,  and  admit  of  being  cut  in  sections,  which 
IKlmirably  display  the  internal  structure  of  the 
Driginal.  I  shall,  however,  defer  an  explanation  ot 
their  mechanism  to  the  subsequent  lecture,  when 
analogous  fossil  genera  will  come  under  our  notice. 
Illy  observations  wilt  now  be  restricted  to  an  in- 
teresting division  of  the  CgiAalopoda  (as  those 
^oUusca  are  termed  whose  head  is  surrounded  by 
the  organs  of  motion,  or  feet),  called  Foraminifera, 
yrbich  comprehends  many  genera,  and  several  hun- 
Mt/ed.  qpecieg,  the  greater  part  beiDg  miorowopic, 
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and  analogous  to  the  recent  forms  which  inhabit 
the  Mediterranean  These  bodies  are  entirely 
distinct  from  the  testaceous  habitations  of  snailf, 
periwinkles,  Ic  they  are  in  truth  not  an  ei- 
ternal  but  an  internal  apparatus ,  and  it  is  sup- 
posed, that  in  addition  to  their  having  sened  a> 
a  point  of  attachment  and  support  to  the  sofl 
bod)  of  the  animal  the)  acted  as  a  buoy,  which 
could  be  made  heavier  or  lighter  at  pleasure,  uid 
Iij   which  the  animal  was  enabled  either  to  siali 


1 
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tration  of  the  structure  of  these  bodies.  It  is 
of  H  lenticular,  discoidal  form,  and  varies  in  eize 
ftom  a  mere  point  to  an  inch  and  a  half  io  diameter. 
Tlie  outer  surface  is  generally  smooth,  and  marked 
with  fiae  undulating  lines.  On  splitting  the  shell 
transTeraely,  it  is  found  to  coasist  of  several  coils, 
which  are  divided  into  a  great  many  cells  or  chatn- 
bers  by  oblique  partitions  (Tab.  40,  Bg.  I),  appa- 
tntly  having  no  communicatioo  with  each  other, 
but  which  the  animal,  probably,  had  the  power  of 
filling  with  fluid,  or  air,  through  foramina  or  pores; 
whence  the  name  of  the  order.  To  Dr.  Geor^ 
Hall  (phyaician  to  the  Susses  Hospital),  I  am  in- 
debted for  the  specimens  exhibiting  this  structure, 
which  I  now  place  before  you  (Tab,  40);  they  are 
irom  the  limestone  formed  of  nummulites,  held 
together  by  calcareous  eement,  which  constitutes 
the  foundation  rock  of  the  Great  Pyramid  of  Egypt, 
and  of  which  that  structure  is  in  part  composed. 
Strabo  alludes  to  the  nummulites  of  the  pyramids, 
under  the  supposition  that  they  are  lentils  which 
had  been  scattered  about  by  the  workmen,  and 
become  converted  into  stone.*  This  polished,  sili- 
eious  pebble,  presented  me  by  the  Marquess  of 
Northampton,  is  also  from  Egypt ;  the  markings 
on  the  surface  are  sections  of  the  inclosed  shells. 
The  nummulite  is  one  of  the  most  widely  diffuaed 
of  fossil  shells,  its  remains  forming  whole  chains  of 
■  8m  Wilkineon'e  MaDiien  imd  Cuetoma  of  the  AneiCQt 
Egjftiui,  ToL  il  p.  37 1, . 
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calcareous  hills :  it  is  not  confiDed  to  the 
but  occurs  also  in  the  secondary  formatious, 
coUBtitutes  immense  beds  in  the  Alps  iind  Pyrt 
The  blue  clay  at  Bracklesham  and  at  StubbingtoHrJ 
and   the   calcareous  saudstoue  of  Emsworth 
Bognor,    in    Sussex,   abound  in  oumpiulites,    II] 
North  America,  the  limestone  which  ocean  mb 
Suggsville,  and  forms  a  range  of  hilb  about  300 
feet  in  height,  is  entirely  composed  of  one  specia 
of  uummulite.     This  limestone  is  porous,  and  con- 
taius  spheroidal  cavities  formed  by  the  decompo* 
sition  of  the  organic  remains.* 

31i  Chustacea  and  fishes. — Crabs  and 
gters,  of  species  related  to  the  recent,  several  of 
which  are  described  by  MM.  Brongniart  and  Dea* 
marest,  in  their  beautiful  work  on  Fossil  Crustacea^ 
have  been  found  in  the  clay  of  Highgate,  and  lo 
the  Isle  of  Shoppey.  The  external  configuration  of 
the  shell  or  cruataceous  covering  of  these  aoimik 
being  in  conformity  to  the  viscera  which  they  in- 
close and  are  intended  to  protect,  the  naturalist  If 
able,  by  au  accurate  acquaintance  with  the  charaoi 
tera  of  the  living  species,  to  point  out  the  relatioiT 
or  difference  of  the  fossil,  even  though  the  cam* 
pace  or  buckler  alone  remains ;  and  the  size  anf 
situation  of  the  heart,  stomach,  &c.  may  thus  be 
readily   determined.      This   remarkably  fine   crab 

•  NumauJilea  Afaileim  otDt.'Matton.  See  Synopsis  of  tb^ 
prganic  Remiins  of  the  Cretaceous  Group  of  North  jLmerieai 
8vo,  with  Dumeroua  plales.    Philadclphis. 


(Tab.  41)  is  from  Malta ;  it  shows  the  state  of 
^rfectioD  in  which  fossil  cruatacea  are  sometimes 
discovered. 


Seven  or  eight  species  of  fishes,  of  extinct  genera, 
have  been  found  in  the  Paris  basin  alone.  The 
teeth  of  several  kinds  of  sharks  (lamna)  occur  every 
where,  and  are  known  by  the  name  of  "  birds'  bills." 
In  the  clay  of  Sheppey  and  London,  beautiful  fossil 
fishes  have  been  found,  tiie  scales  possessing  a 
metallic  lustre,  from  an  impregnation  of  sulphuret 
of  iron.  But  I  must  pass  cursorily  over  these  re- 
■paina,  as  well  as  those  of  crocodiles,  turtles,  and 
tortoises,  which  are  imbedded  in  these  deposits. 

32.  Fossit  BiRDS.^In  the  gypseous  building- 
stone  of  Montmartre,  M,  Cuvier  found  many  bones 
which  possessed  characters  peculiar  to  those  of 
■  OaehBlftheaUeof  theoriginaL 
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birds ;  and  after  much  researcb.  he  was  enabled 
determine  several  fossil  species,  related  to  the  pdi 
caoj  sea-lark,  curlew,  woodcock,  buzzard,  owl,  and 
quail.  In  some  esamples  there  are  indications  of 
the  feathers,  and  even  of  the  air-tubea.  Somettmes 
the  skeleton  ts  wanting,  aud  a  pellicle  of  a 
brown  subitance  alone  points  out  the  configu] 
of  the  original  (Tab.  V2). 

Not  only  are  the  akeletona  and  feathers  of 
found  in  the  tertiary  strata,  but  even  the  eggf' 
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rtles  are  daily  in  the  course  of  fossilizatioii  on  the 
SB  of  the  Isle  of  AsceosioD. 
I.  fosfiii.  ANIMALS  OF  Pahis.  —  We  have 
extto  consider  the  fossil  remains  of  the  mammBlia 
rhose  skeletons  were  entombed  in  the  mud  of  the 
ters  which  formerly  occupied  the  area  of  Paris, 
d  which  tlie  genius  of  Cuvier  has  again,  as  it  were. 
Balled  into  existence.  The  forms  of  these  extinct 
Ipreatures  are  now  aa  familiar  to  us  as  our  domestic 
wumiJa,  and  even  the  namea  of  paltpotkeria  and 
mnoplotlieria  are  almost  become  household  words. 
.,The  gypsum  quarries  which  are  spread  over  the 
{flaalce  of  Montmartre  have  long  been  known  to  afford 
!  fossil  bones ;  but,  altliough  specimens  oceasionaljy 
attracted  the  notice  of  the  naturalists  of  Paris,  and 
.  collections  were  formed,  yet  no  one  appears  to  have 
suspected  the  mine  of  wonders  which  the  rocks  con- 
tained, till  the  curiosity  of  Cuvier  was  awakened  by 
llie  inspection  of  a  large  collection  of  these  bones, 
alter  he  had  successfully  applied  the  laws  of  com- 
parative anatomy  to  the  investigation  of  the  fossil 
elephants  and  mammoths.  He  had  previously  paid 
little  or  DO  attention  to  the  partial  accounts  of  fossil 
^nes  found  in  the  vicinity  of  Paris,  although  in 
IT6S,  Guettard  had  figured  and  described  many 
bones  and  teeth.  Cuvier  now^,  however,  perceived 
that  a  new  world  was  open  to  his  researches,  and  he 
Boon,  by  zeal  and  energy,  obtained  an  extensive  col- 
lection, and  found  himself  (to  use  his  own  expres- 
son)  in  »  charnel-house,  surrounded  by  a  confused 
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mass  of  broken  skeletons  of  a  great  varletj  at 
niab>      To  arrange  encli  frngment  ,iii    itt  ff 
place,  and  to  restore  order  to  tUnse  beaps  of  n 
Beamed  at  first  a  hopeless  tiiak  ;  but  a  k.noirledg< 
tlie  iiuiDUtable  lawn  by  which  the  organizstion 
atttmal  existence  is  governed,  noun  enabled  bifl 
(usign  to  each  boae,  uiul  even  fragment  of  boi 
proper  place  in  the  skeleton  ;  and  tlie  forms  of  b 
hitherto  unseen  by  mortal  eye  arose  before 
"  I  cannot,"  says  tiiis  illustrious  pbiloiopber,  !■ 
the  enthusiasm  of  successful  genius,  ■'  exprCN 
delight  on  finding  how  the  application  of  one  jn 
ciple  was  instantly   followed  by  the  molt  tril 
phant  results.     The  essential  character  of  a  toi 
and  its  relation  to  the  skull,  being  determined,  is 
mediately  all  the  other  elements  of  the  fabric  full 
into  their  places;  and  the  vertobrtc,  ribs,  bouMoF 
the  legs,  thighs,  and  feet,  seemed  to  arrange  them- 
selves even  without  my  bidding,  and  precisely  in 
the  manner  which  I  had  predicted."      The  prin- 
ciples of  comparative  anatomy  enunciated  in  tbf 
second  lecture  will  have  prepared  you  for  this  re 
suit ;  and  I  therefore  need  nut  dwell  on  the  appli 
cation  of  the  laws  of  co-relation  of  structure  by 
which  the  animals  of  the  Paris  basin   have  been 
restored.     This  group  of  figures,  (Tab.*3)  from 
Cuvier's  restorations,  is  indeed  a  splendid  triumpi: 
of  Palicontology, 

The  examination  of  tiie  fossil  teeth  at  onct 
that  the  animals  were  herbivorous,  the  enamel  am 
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ivory  being  disposed  in  the  manner  already  es- 
flwned  (page  132) ;  the  crown  of  the  looth  ig  com- 
.pmed  of  two  or  three  simple  crescents,  as  in  certain 


pachydermata ;  thus  differing  from  the  ruminants, 
wliich  have  double  crescents,  and  each  four  lines  of 
enamel.  Following  out  the  inquiry,  Cuvier  at  length 
established  that  the  great  proportion  of  bones  and 
teeth  belonged  to  two  extinct  genera  of  pachyder- 
tnata,  which  bear  an  affinity  to  the  tapir,  riiinoceros, 
and  hippopotamus.  Almost  every  one  is  famihar 
with  the  form  and  habits  of  the  two  last  animals  ; 
bat  the  tapir  is  not  so  well  known.  Of  this  genus 
there  are  several  living  species,  all  natives  of  tropi- 
cal climes.  The  Malay  tapir  (a  stuffed  speein 
of  which   is  placed  on  the  lobby  of  the  British 


r  )      m  tains  eight  feet  in  l^glk, 

mf  .      It  has  a  flexible  pro- 

f  w        h      I     g ;  its  general  appearanee 

y      d  moB  senibling  tliat  of  the  hog. 

Th      J  m  11  th     ears  roundish ;  the  skiii  is 

d  fi  m        d        ered  with  stout,  hair;  tlie 

^nort.    It  inhabits  the  banks  of  lakes  and  riven, 

and  has  been  observed  to  walk  under  water,  bnr 
never  to  swim.' 

Si.      PALJSOTIIERIA,     AND     AKOPLOTHERIA.— 

These  fossil  animals  are  divided  into  the  genera 
palieotherium  (anci^tl  wild  beast) ;  and  anoplo- 
theriura  (unarmed  wild  leoit),  so  named  from  tbe 
absence  of  canine  teeth.  I  will  now  describe  the 
species  here  figured. 

PALffiOTHERiuM  MAGNUM,  fig.  2.  This  aninul 
was  of  the  size  of  a  horse,  but  more  thick  and 
clumsy ;  it  had  a  massive  head,  and  short  estremi- 
ties.  It  was  like  a  large  tapir,  but  ^^ith  differences 
in  the  teeth,  and  a  toe  less  on  the  fore  feet.  It  must 
have  been  from  four  to  five  feet  in  heighti  which 
is  about  equal  to  that  of  the  rhinoceros  of  Java. 
From  the  conformation  of  the  nasal  bones,  no  doubt 
can  exist  of  its  having  been  furnished  with  a  short 
proboscis,  or  trunk. 

Palxotherium  mihus,  fig.  3.  Of  the  size  of 
the  roebuck.  This  creature  had  light  and  slender 
limbs,  with  the  general  configuration  of  the  t^ir. 

Anoplotherium  GRAciLE,  fig.  I.  This  animal, 
*  Griffiths'  Animal  Kii^om,  voL  iii  p.  434. 
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to  which  Cuvier  gave  the  name  of  gracih,  from 
its  elegant  proportions,  was  of  the  size  and  form  of 
a  gazelle,  and  must  have  lived  after  the  manner  of 
the  deer  and  antelopca. 

Aboplotherium  commune,  fig.  +;  was  of  the 
height  of  a  wild  boar,  but  of  a  more  elongated 
form,  and  had  a  long  and  thick  tail  like  a  kangaroo, 
the  feet  having  two  large  toes  like  the  ruminants. 
It  seems  probable  that  it  could  swim  with  facility, 
and  frequented  the  lakes,  in  the  beds  of  which  its 
bones  were  deposited. 

More  than  fifty  genera  of  extinct  mammalia  have 
been  discovered  in  the  older  tertiary,  and  their  cha- 
racters determined  by  Baron  Cuvier.  Some  are 
related  to  the  animals  we  have  just  described;  as 
the  anlhraeotberium,  (so  named  from  the  discovery 
of  its  remains  in  the  anthracite,  or  lignite  of  Cadi- 
bona,)  which  held  an  intermediate  place  between 
the  hog  and  hippopotamus.  Six  or  seven  Bpeeies 
of  camivoia,  an  opossum,  a  squirrel,  dormouse,  d-c. 
have  also  been  found  in  the  Paris  basin. 

In  the  miocene  strata  of  Touraine  and  of  Darm- 
etftdt,  there  is  an  intermixture  of  the  remains  of  the 
itbove  e:ctinct  mammalia  with  those  of  the  mastodon, 
and  of  genera  which  still  exist.  Mr.  Murchison  has 
discovered  in  Bavaria,  bones  of  the  palsothenum, 
anoplotfierium,  anthcacotherium,  mastodon,  rhino- 
ceros, hippopotamus,  ox,  horse,  bear,  &e.  in  lacus- 
trine deposits,  associated  with  freeh-wattr  and  land 
shells. 
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35.    Fossil   quadbumana  or  monkeys.— Al   1*^ 
Sausati,  in  the  department  of  Gers,  are  tertitfj 
strata,    abounding    in    remains   of  tlie   rhinocenii 
horse,    paleeotherium,    anoplotherium,    and  othu 
mammalia.     M.  Lastel  lias  discovered  a  jaw  of  * 
moniiey,  which,  from  its  proportions,  must  have  be- 
longed to  an  animal  about  three  feet  in  height.  The 
molar  teeth   iti  the  specimen  are  worn,   and  very 
closely  resemble  those  of  a  roan  of  middle  aget 
reduced  to  half  their  natural  size.     Another  foMil- 
monkey  has  been  found  in  the  Sub-Himalaya  hiMB 
near  tbe  Sutlej,  by  Captain  Cautly,  associated  wi^||^| 
remaias  of  mastodons,  elephants,  crocodiles,  turtlo^H 
&c.     This  specimen  is  the  right  half  of  tbe  nppagH 
jaw,  to  which  a  portion  of  the  orbit  of  the  eye  '*''4 
mains  attached,  and  this  alone  is  sufticieut  to  enaUl^' 
an  anatomist  to  determine  the  nature  of  the  ori" 
ginal,  the  orbits  of  the  guadrumana  being  peculiar.. 
Without  entering  upon  details  uninteresting  lo  thff 
general  inquirer,  it  may  be  stated  that  evidence  » 
thus  afforded  of  the  existence  of  a  gigantic  species 
of  monkey,   contemporaneously    with    the   ptichy- 
dermata  whose  fossil   remains  occur  in  the  Su^  ] 
Himalayas.      The  important  fact  is  therefore  i 
established,  that  animals  of  that  type  of  organicatiMfl 
which  most  nearly  resembles  the  human,  existed  jl 
the  ancient  tertiary  epochs.* 

•  The  aOADRUMAN*. — There  animali  come  nesreit  lb  u 
in  the  rorm  and  proportion  of  theii  ikeleicin,  and  of  tb«irM{ 
rMe  bones  i  in  (he  general  dispoiitjon  ortbcirmuicalH  n  ' 
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36.  Tertiary  strata  op  Aix,  in  Provence. 
{See  F1.9,  seotion  iii.) — A  group  of  tertiary  strata, 
remarkable  aa  well  for  Uieir  mineralogical  character 
as  for  the  organic  remains  which  they  contain, 
occarsnear  Aix,  a  town  in  Provence,  which  is  situ- 
ated upon  a  thick  deposit  of  tertiary  conglomerate. 
The  series  on  the  northern  side  of  the  valley  con- 
sists of-r.  1 .  Tertiary  breccia,  (see  PL  9,  fig.  3,) 
lying  unconformably  on  the  secondary  rocks  of 
oolite  and  green  sand,  which  are  nearly  vertical. 
2.  Marl,  with  ^hes  and  insects.  3.  Gypsum  and 
gypseous  marls,  with  fishes  and  insects;  leaves  of 

and  its  adaptation  for  a  semi-erect  position  of  the  body ;  in 
their  great  cerebral  organization,  the  perfection  and  equable 
development  of  their  senses ;  their  intellectual  capacity,  and 
complicated  instincts.  These  most  elevated  of  all  inferior 
animals  are  fitted  to  select,  obtain,  and  digest  the  succulent 
ripl  fruits  of  trees,  and  are  destined  to  inhabit  the  rich  and 
shady  forests  of  tropipal  climates.  They  leave  to  the  squirrels 
and  the  sloths  the  bads  and' leaves;  to  the  ponderous  elephant 
and  ^rhinoceros  the  branches  and  the  stems  ;  and  to  the  beavers, 
and  other  rodentia,  the  dark  bark  of  the  trees.  Their  delicate 
organization  is  adapted  only  for  the  richest  products  of  the 
vegetable  kingdom ;  and  the  soft  and  nutritious  quality  of  their 
food  is  suitable  to  the  broad  enamelled  crowns  of  their  molar 
teeth,  which  are  studded  with  rounded  tubercles :  their  stomach 
is  simple.  With  a  high  cerebral  and  muscular  development, 
corresponding  with  their  elevated  rank  in  the  scale  of  beings, 
and  the  position  of  their  food,  they  are  the  most  agile  and  sportive 
of  all  mammalia ;  and  they  are  provided  with  prehensile  organs 
at  every  point ;  their  teeth,  tail,  feet,  and  hands  assist  in  their 
agile  movements,  and  in  their  boundings  from  branch  to  branch, 
and  from  %iee  to  tree. — Dr,  Grants  Lectures  on  Comparative 
Anatomy* 
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piilms,  aud  other  plants  ;  fresfa-water  univalve  in 
bivalve  sheila,  particularly  a  species  of  cyclai  ji 
great  abundance.  The  ct/clas  inhabits  lakes  ■ 
marshes,  and  therefore  positively  denotes  the  lae 
trine  character  of  the  deposits.  4.  Fresh-ff 
limeatoae.  To  the  south,  extending  towards  T 
Ion,  are  lacustrine  strata  of  red  marl,  with  cot 
limestone  inclosing  shells,  gyrogonites,  Sec, 
farther  to  the  south,  beds  of  grey  fresh-water  lime- 
stone appear ;  and  at  Fuvcau,  (see  the  section, 
PI.  9,  fig.  3,)  a  series  of  blue  limestone,  shale,  and 
coal,  which  is  extensively  worked.      Fresh-water 
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shells,  seed  vessels  of  c/iaris,  and  other  vegetabl 
remains,  occur  in  abundance  in  the  coal-beda  a 
intermediate  layers  of  shale.    The  section  emplon 
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to  illustrate  thia  deecriptiou  is  copied  from  a  rough 
'i,    ricetoh  made  by  Mr.  Lyeil  on  tlie  spot,  when  he  first 
visited  ttiis  interesting  locality ;  and  which  I  greatly 
value  on  that  account. 
1,        The  marls,  as  you  may  perceive,  in  this  exteoEiTe 
[,    suite  of  specimens,  collected  by  Messra.  Lyell  and 
^urchisoD,  (whose  admirable  Memoir*  on  these 
strata  is  of  high  interest,)  are  very  finely  laminated, 
I    and  contain  insects  and  fishes  iu  a  remarkable  state 
of  preservation.      The  fishes  are  very  numerous; 
^    one  small  species  iu  particular  (^gmerdia  viinutus, 
Tab.  44,)  is  found  grouped  together  in  every  va- 
riety of  form  and   position. 

37.  Fossil  insects. — But  the  fossil  insects  are 
the  most  estraordinary  relics,  appearing  as  fresh  as 
if  enveloped  but  yesterday.  This  beautiful  example, 
presented  to  me  by  Mrs.  Murchison,  shows  the  ex- 
quisite preservation  of  these  delicate  objects.  A 
■  few  of  the  most  interesting  forms  are  here  delineated 
^^parli  slightly  enlarged  scale,  from  the  plate  accom- 
pai^iiig  the  paper  to  which  I  have  referred. •(■ 

All  the  insectij  belong  to  existiug  genera,  and 

only  one  species  is  aquatic.j;     The  anterior  larsi 

are  generally  obscure,  or  distorted;  but  in  some 

^ecimens   the   claws  are    visible,  and  the   sculp- 

'     tnrei   and   even  a  degree   of  local   colouring   are 

'■  •  On  the  Freshwater  Formation  of  Ail,  in  Provenie,  by 

C.  Lye!],  and  R,  I.  Murchison,  EsqrB. 

f  JameBcia'B  Edinbiugh  Journal,  foe  1829.     PI  VI. 
X  FrinciplsB  of  Cealogjr,  vol.  liL  p.2U. 
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preserved.  The  Dcrves  of  the  wiDgs  in 
B  the  pubescence  on  tbe  head,  ; 
Several  of  the  beetles  hi 


Lect.DL  I 

the  dipten,  y^ 

re  diatinctlf  P\ 
I  wings  at- 


s« 

Tab,4S.-Fo8s.i;  .s« 

Fig 

1.  TelllBonla  spumaria. 
Dl-^Wng;  tieatticulBH 

ons  of  iliE  hud 

tended  beyond  the  elytra,  as  if  they  had  fallen  into 
the  water  while  on  the  wing,  and  bad  made  an 
effort  to  escape  by  flight,  M,  Marcel  de  Serres 
has  enumerated  nearly  seventy  genera  of  i 


ll  a  few  arachnides,  or  spiders.  Tbe  moet  curious 
It  Vb,  tbat  some  of  the  insects  are  identical  with 
petec  which  now  inhabit  Provence.  It  seems  pro- 
ible  that  these  insects  were  brought  together  from 
i&rent  localities  by  floods,  and  mountain  streams ; 
6^  as  Mr.  Curtis  observes,  all  of  them  miglit  hav<^ 
llttbited  moist  and  shady  forests.  The  laminated 
uris  contain  also  the  coverings  of  a  fresh-water 
bniltacea,  called  cypris,  which  swarms  in  our  pools 
■uf  Rtagoant  waters,  and  must  be  familiar  to  all 
Jirlio  have  seen  the  exhibitioQ  of  the  osy-hydrogen 
inicroscope  ;  living  specimens  being  commonly 
ihown,  and  appearing  somewhat  like  the  head  and 
feet  of  a  flea  protruding  from  an  oval  case  or 
tield,  and  swimming  by  means  of  their  fine  cilia, 
Hiich  resemble  pencils  of  hair.  These  Crustacea 
led  their  cases,  some  of  which  are  silicious  and 
bers  calcareous,  annually,  and  the  surface  of  the 
nd  spread  over  the  bottoms  of  lakes  is  often 
kwed  with  their  relics.  The  marls  of  Aix,  as 
fell  as  of  many  other  fresh-water  formations,  abound 
ft  fossil  cyprides,  which  sometimes  constitute  entire 
nma  or  laminee,  that  alternate  with  tbe  marl.  The 
Ad-veasels  of  the  chara,  a  common  plant  in  our 
■tches  and  ponds,  also  occur  in  profusion ;  they 
rere  formerly  supposed  to  be  shells,  and  from  their 
«euliar  structure  received  the  name  of  pyroffonites, 
rbicb  they  still  bear,  although  their  real  nature 
as  long  since  been  ascertained.*  In  conclusion, 
*  S«e  ui  Esaa;  on  the  fnsh-iraler  marls  of  Scotland,  bj 


L 


250  THE  WONDERS  OF  GEOLOGY.  Lxcr.ni. 

Mr.  Lyell  observes,  '<  that  this  tertiary  series  diffsK 
essentially  from  that  of  the  London  and  Paris 
basins.  The  great  development  of  regular  beds 
of  blue  limestone  and  shale,  the  quality  and  ap- 
pearance of  the  coal,  and  the  thickness  of  the 
compact  grey,  brown,  and  black  argillaceous  lime- 
stones and  sandstones,  give  them  the  aspect  of  the 
most  ancient  of  our  secondary  rocks ;  and  it  is 
only  by  the  peculiar  species- of  fluviatile  and  lacus- 
trine shells,  the  seed-vessels  of  the  charas,  &c  that 
the  comparatively  recent  date  of  the  whole  group 
is  demonstrated." 

38.  Lacustrine  formation  of  CEningsn. — 
Among  the  tertiary  lacustrine  formations  on  the 
continent,  there  is  one  so  much  celebrated  for  its 
organic  remains,  that  I  will  offer  a  few  remarks  on  its 
peculiar  characters.  GEningen,  near  Constance,  has 
for  centuries  been  known  to  contain  fossil  remains 
of  great  beauty  and  interest.  A  short,  but  graphic, 
memoir  by  Mr.  Murchison,*  presents  in  a  few  pages 
the  history  of  this  ancient  lake.  The  Rhine,  in 
its  course  from  Constance  to  Schaffhausen,  flows 
through  a  depression  of  the  tertiary  marine  forma- 
tion, known  by  the  name  of  Molasse,  which  forms 
hills  on  both  sides  of  the  river,  of  from  700  to  900 
feet  in  height.  In  a  depression  or  basin  of  this 
molasse,  is  a  series  of  strata  composed  of  marlSf 
and  cream-coloured,  fine-grained,  fetid  limestone, 
with  laminated  white  marl-stone,  forming  a  total 

*  On  a  fossil  Fox  found  at  (Eningen,  by  R.  I.  Muicbison, 
Esq.,  Fres.  G.S.  &c.   Geological  Transactions,  1832. 
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itikjteaa  of  thirty  or  forty  feet.  In  the  marl-stone, 
hvee  asd  stems  of  plauts,  insects,  shells,  crnstacea., 
dies,  turtles,  a  large  aquatic  salamaniler,  birds,  and 
•.perfect  skeleton  of  a  fox,  have  been  discovered. 
Xhe  ibs  was  obtained  by  Mr.  Murchison,  for  whom 
^veloped  it,  and  removed  tbe  stone  so  as  to 
the  entire  skeleton ;  this  entraordinary  fossil, 
does  not  differ  in  its  osteology  from  the  reeent 
ia  figured  and  described  in  the  Geological 
mactions  for  18S2.  A  tortoise,  three  feet  in 
|th,  with  the  head,  neck,  tail,  and  three  of  the 
s,  well  preserved,  has  since  been  discovered, 
ilr.  Marchison  concludes  that  these  fresh- water  de- 
jKoita  are  the  contents  of  a.  lake,  belonging  to  the 
pliocene  epoch,  but  that  the  period  of  their 
tufmatlon  must  have  long  preceded  the  present 
eoadition  of  the  country,  the  lihiiie  having  subse- 
quently worn  a  channel  through  them  to  the  depth 
tf  several  hundred  feet. 

'.  39.  Fossil  fishes  of  Monte  Bolca.^I  will 
bere  notice  another  interesting  assemblage  of  ter- 
tiiuj  strata — the  celebrated  iclithyolite  quarries  of 
Honte  Bolca — and  then  proceed  to  the  consider- 
tfion  of  the  effects  of  volcanic  action  during  the 
gtotogical  epochs  embraced  in  this  discourse. 
.lioDte  Bolca  is  situated  on  the  borders  of  the 
Yeranese  territory,  about  fifty  miles  NN.W.  of  the 
laguneB  of  Venice,  and  forms  part  of  a  range  of  hills 
of  moderate  elevation  ;  volcanic  deposits  abound  in 
Ute  oeigbbouring  Vicentin,  and  the  summit  of  the 
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hill  is  capped  with  basalt.*  It  is  principaUy  com-  I** 
'  posed  of  argillaceous  and  calcareous  strata,  widi  F 
beds  of  a  cream-coloured  fissile  limestone,  which  I 
readily  separates  into  laminae  of  moderate  thicknen,  V 
and  abounds  in  fishes  in  the  most  beautiful  state  of  r 
preservation.  They  are  all  compressed  flat,  but  the 
scales,  bones,  and  fins  remain  ;  their  colour  is  a 
deep  brown,  thus  admirably  contrasting  with  tiie 
limestone  in  which  they  are  imbedded.  Seven! 
hundred  distinct  species  are  supposed  to  be  con- 
tained in  these  quarries,  and  thousands  of  specimens 
have  been  collected ;  according  to  M.  Agassiz,  all  I 
the  species,  though  related  to  the  recent,  are  extinct. 
From  the  immense  quantities  which  occur  in  so 
limited  an  area,  it  seems  probable  that  the  limestone 
in  which  they  are  imbedded  was  erupted  into  the 
ocean  in  a  fluid  state  by  volcanic  agency ;  and  that 
the  fishes  were  thus  suffocated,  and  surrounded  by 
the  calcareous  mass.  Nor  is  this  hypothesis  without 
support,  for  on  the  appearance  of  a  volcanic  island 
in  the  Mediterranean,  a  few  years  since,  hundreds 
of  dead  fishes  were  seen  putrid  and  floating  in  the 
waters ;  and  it  cannot  be  doubted  that  shoals  of 
fishes  might  at  the  same  time  have  been  enveloped 
in  the  volcanic  matter  at  the  bottom  of  the  sea,  and 
become  compressed  and  preserved ;  when  the  mud 
which  envelopes  them  is  consolidated,  and  the  bed 
of  the  Mediterranean  elevated  above  the  waters^ 

*  Organic  Remains  of  a  Former  World,  vol.  iii.  p.  247. 
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e  fishes  uiaj  resemble  the  ichthyolites  of  Monte 


40.  Tkrtiahv  volcanoes  of  France, — In  the 

nner  lecture  I  alluded  to  volcanic  action  as  being 

ill  in  activity,  and  as  having  taken  place  in  more 

icient  periods ;   and  we  have  abundant  proof  that 

lariDg  the  immense  lapse  of  time  comprehended 

leea  the  earliest  and  the  latest  of  the  tertiary 

fcraiBtions,  the  internal  fires  of  our  globe  were  not 

dormaat.     I  have  already  had  occasion  to  observe, 

rarely  the  former  geographical  relations  of  a 

totmtry  are  preserved,  and  that  although  we  may 

-be  able  to  pronounce  with  certainty  that  this  spot 

once  dry  land, — that  there  flowed  a  river, — 

here  is  the  bed  of  an  ancient  sea — yet  we  can 

nUom  ascribe  limits  to  the  one,  or  trace  the  boun- 

I  of  the  other.     But  there  is  one  remarkable 

uception  —  a  district,  where  the  most  important 

(triking  geological  mutations  have  taken  place 

^et  the  area  of  those  changes  still  preserves  it 

'tocient  physical  geography — that  district  is  Au- 

vergne,  a  province  in  central  France, 

Nearly  a  century  since,  two  French  academicians, 
MM.  Guettard  and  Malesherbes,  on  their  return 
from  an  exploration  of  Vesuvius,  arrived  at  Monte- 
Umart,  a.  small  town  on  the  left  banks  of  the  Rhone, 
where  Faujas  St.  Fond,  a  distinguished  naturalist, 
was  Bojourning.     These  savans  were  struck  with 

'  See  Lecture  niL 
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lents  of  the  streets,  whicb  wen  for 
joints  of  basaltic  columns,  placed  perpendid 
rly  ill  the  ground  ;  and  upon  inquiry  tliey  ftrnn 
uliat  the  stones  were  brought  from  the  neighbour 
mouDtains  of  the  Vivnrais.  This  informatioii  indocei 
them  to  survey  the  country  ;  and  upon  arriving'H 
Clermont,  a  tovu  with  about  30,000  inhabitai 
the  capital  of  Auvergne,  they  were  satislied  thatfll 
whole  region  was  of  volcanic  origin  ;  for  in  i 
vicinity  of  the  town  they  discovered  currents'* 
lava,  black  and  rugged  aa  those  of  Italy,  descend 
uninterruptedly  from  some  conical  hilie  of  ai 
which  still  preserved  the  form  of  craters. 
those  who  now  visit  central  France,  and  s 
all  Bides  the  most  unequivocal  marks  of  volunis 
agency— the  numerous  hills  formed  entirely  ot 
loose  cinders,  and  porous  and  diversified  as  if  jmt 
thrown  from  a  furnace,  surrounded  by  plains  rf 
black  rugged  lava,  on  which  even  the  lichen  almost 
refuses  to  vegetate, — it  appears  scarcely  credibls, 
that  previous  to  the  last  half  century,  no  one  had 
thought  of  attributing  these  marks  of  desolation  V> 
the  only  powers  in  nature  capable  of  producing 
them.  This,  however,  is  perfectly  natural,  and 
not  without  examples.  The  inhabitants  of  Hercu- 
laneum  and  Pompeii  built  their  houi^es  with  the 
lava  of  Vesuvius,  ploughed  up  its  Bcoria  and  ashes, 
and  ascended  its  crater,  without  dreaming  of  th^t 
neighbourhood  to  a  volcano  which  was  to  givi"  '""" 
firgt  proof  of  its  energies  by  burying  them  bei 
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.eiuptioiis,  TLe  Catanians  regarded  as  a  fable 
mentioii  of  the  fonuer  activity  of  Etna,  wheD, 
1669,  half  their  town  was  overwhelmed  by  its 
n  currents."* 

41,  Extinct  volcanoes  of  Aovergkb. — The 
pflntiy  which  is  the  site  of  the  extinct  volcanoes  to 
ihiob  I  am  about  to  call  your  attention,  may  be 
leribed  as  a  vast  plain,  situated  in  the  department 
the  Limagne  d'Auvergne:  it  is  so  remarkable 
■  its  fertility,  that  it  is  called  the  Garden  of 
a  quality  attributable  to  the  detritus  of 
folcanic  rocks,  which  enters  into  the  composition 
4l  the  soil.  It  is  inclosed  on  the  cast  and  west  by 
too  parallel  ranges  of  gneiss  and  granite.  Its 
werage  breadth  is  twenty  miles,  its  length  between 
fety  and  fifty,  and  its  altitude  about  1,200  feet 
Ibcve  the  level  of  the  sea.  The  surface  of  this 
fUia  is  formed  of  alluvial  deposits,  composed  of 
granitic  and  basaltic  pebbles,  and  boulders,  reposing 
a  substratum  of  limestone.  Hills,  of  various 
(levatione,  composed  of  calcareous  rocks,  are  scat' 
Mred  over  the  plain;  and  the  river  Allicr  flows 
Ihrough  the  district,  over  beds  of  limestone  or  sand- 
Itone,  except  where  it  has  excavated  a  channel  to 

•t«  Geology  of  Central  France,  by  G.  Poulett  Scrape,  E.iq. 
^|;JL8.,  1827.  Mr.BakeweU  was  the  first  English  geologist 
who  directed  attention  to  this  temurkable  district;  (Travels  iti 
iSe  Taranlaiae,  liy  Robert  Bakewcll,  Esq.  2 -vola.  8vo.  1823;) 
fabiequenlly  Dr.  Dauheiiy,  Messrs.  Scrope,  Lyell,  and  Mur- 
oluoiii  have  seterally  published  highly  interesting  treatises  on 
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)  uiuidation-rock  of  granite.   The  hills  compoaeil 

ilcareous  alluvial  deposits  are  the  remaiiu  of  i 
les  of  beds,  which  once  constituted  an  ancieiit 
^luiu,  at  a  higher  elevation  than  the  present.  Many 
are  surmounted  by  a  crest  or  capping  of  basalt,  to 
which  their  preBerration  is  probably  attributable; 
tbers  have  escaped  destruction  from  being  piD- 
lected  by  liorizoutal  layers  of  a  durable  limestone) , 
which  1  shall  presently  describe.  We  bave,  ther, 
as  the  ground  plan  of  the  district,  an  extensiTc 
plain,  chequered  with  low  hills  of  fresh-water 
iimestoue,  which  are  capped  with  compact  Un 
(Plate  VIII.  tigs.  III.  IV.) ;  the  boundariea  of  tbt 
plain  being  formed  of  ranges  of  primary  rodo. 
3,000  feet  in  altitude.  To  the  westward  the  lime- 
stone disappears,  and  a  plateau  of  granite  liees 
to  a  height  of  about  1,600  feet  above  the  valley 
of  Clermont,  being  3,000  feet  above  the  level  of 
the  sea.  This  supports  a  chain  of  volcanic  coat 
and  dome  -  shaped  mountains,  about  seventy  i 
number,  varying  in  altitude  from  500  to  1,000  feet 
from  above  their  bases,  and  forming  an  irregular 
range  nearly  twenty  miles  in  length,  and  two  in 
breadth.  The  highest  point  of  this  range  is  tbe 
Puy  de  Dome,  which  is  4,000  feet  above  tb« 
level  of  the  sea  (Plate  VIII.  fig.  ii.  4),  and  is  com- 
posed entirely  of  volcanic  matter ;  it  possesses  a 
regular  crater,  300  feet  deep,  and  nearly  1,000 
feet  in  circumference.  Many  of  these  cones  retain 
the  form  of  well-defined  craters,    and   their  l^va 


CKAT£E  OF  PUY  DE  COME.  257 

earrentg  may    be   traced   as   readily   aa   those   of 

42.   Cbater  or  PuY  DE  Come.— One  of  the 
moBt  remarkable  cones  u  the  Puy  de  Come,  whicii 
rises  from  the  plain  to  the  height  of  900  feet ; 
its  sides  are  covered  with  trees,   and  its  suraroits 
present  two  distinct  craters,  one  of  which  is  250 
fcet  in  depth.    A  stream  of  lava  may  be  seen  to  have 
Maed  out  from  the  base  of  the  mountain,  which  at 
libort  distance,  from  having  been  obstructed  by  a 
nite,  haa  separated  into  two  branches; 
these  can  be  traced  along  the  granitic  platforms,  and 
down  the  side  of  a  hill  into  an  adjacent  valley,  where 
'  flsey  have  dispossessed  a  river  of  its  bed,  and  con- 
strained it  to  work  out  a  fresh  channel  between  the 
tava  and  the  granite  of  the  opposite  bank.    Another 
Cone  rises  to  the  height  of  1,000  feet  above  the 
*pUin,  having  a  crater  nearly  600  feet  in  vertical 
depth,  and  a  lava  current,  which  first  falls  down  a 
Bleep   declivity,  and  then  rolls  over  the  plain  in 
'hilly  waves  of  black  and  scorified  rocks.     In  one 
part  of  this  volcanic  group  is  a  circular  system  of 
cones,  apparently  the  produce  of  several  rapidly 
succeeding  eruptions,      "The  extraordinary  cha- 
racter of  this  scene  impresses  it  for  ever  on  the 
memory;  for  there  is,  perhaps,  no  spot,  even  among 
the  Phlegrsean  fields  of  Italy,  which  more  strikingly 
'displays  the  characters  of  volcanic  desolation.     Al- 
tbongh  the  cones  are  partially  covered  with  wood 
'•ltd  herbage,  yet  the  sides  of  many  are  still  naked ; 
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and  the  interior  of  their  broken  cratersy  tagged^ 
Uacky  and  scorified,  as  well  as  the  roekj.Addiiaof 
lata  with  which  thej  have  loaded  the  plaiDy.  ham  a 
fireshness  of  aspect,  sach  as  the  prodnctstef  in 
alone  could  have  so  long  presenred,  and  eAt  a 
striking  picture  of  the  operation  of  this  cluwaifriB 
all  its  most  terrible  energy."*  A  desoriptiniJtf 
the  accompanying  sketches  f  will  serve  to  iUoslnte 
these  remarks. 

Plate  VIII.  fig.  III.  The  environs  of  ClerMMt 
The  town  is  seen  on  the  plain  or  basin,  whieh.  has 
been  excavated  by  diluvial  agency,  since  the  de- 
position of  the  strata  which  form  the  sarromiding 
hills.  In  front  is  a  basaltic  peak  (coloured  prtai)» 
crowned  by  the  Castle  of  Montrognon ;  and  beyond 

are  basaltic  platforms  on  hills  of  limestone.    .  In 
the  distance  is  the  primary  escarpment,  forming 

part  of  the  boundary  of  the  volcanic  district. 

Plate  VIII.  fig.  II.  Part  of  the  southern  volcanic 
chain  of  Puys,  exhibiting  the  broken  craters  of 
Chaumont;  from  the  bases  of  several,  lava  currents 
are  seen  to  have  issued.  No.  1,  Montchal;  2, 
Puys  de  Montgy ;  3,  Monjugbat ;  4,  Mont  Dome 
in  the  distance. 

Plate  VIII.  fig.  IV.  represents  hills  of  secondary 
Jura  limestone,  capped  by  basalt  (coloured  green). 
These  <;rests  are  the  terminations  of  lava  currents, 

•  Scrope'8  Geology  of  Central  France. 
^  The  delineations  are  reduced  from  the  elaborate  and  heaa- 
;liftil  drawings  of  Mr.  Scrope. 
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that  once  extended  over  the  whole  area,  covering 
a  pialfonn  of  primary  rocks,  and  flowing  on  to  the 
geoosdary  strata,  which,  in  this  part  of  Ard^che, 
ecmstitute  an  elevated  limestone  district. 

This  region  affords  a  striking  illustration  of 
the  erosion  of  the  surface  of  a  country  by  alluvial 
aetioD.  The  thickness  of  the  volcanic  mass  is  be- 
tween 300  and  400  feet;  it  is  composed  of  two 
distinct  beds  of  basalt,  separated  by  a  layer  of 
acorise  and  volcanic  fragments.  Many  portions, 
i>oth  of  the  upper  and  lower  beds,  are  made  up  of 
well*deflned,  vertical,  polygonal  columns.  The 
streams  of  lava  to  which  these  plateaux  belong, 
have'  been  traced  for  more  than  thirty  miles ;  they 
rise  in  a  narrow  ridge  across  the  primitive  heights, 
and  then  spread  over,  and  lie  conformably  upon, 
the  secondary  formations.  The  limestone  beneath 
the  basalt  is,  in  some  places,  covered  with  vegetable 
soil,  containing  a  common  species  of  terrestrial 
shell  (Cyclostoma  elegans).  The  nearly  horizontal 
disposition  of  the  basalt,  its  columnar  structure, 
and  position  on  the  limestone,  into  which  it  has 
injected  veins  and  dikes,  render  it,  as  Mr.  Scrope 
observes,  very  analogous  to  the  ancient  volcanic 
1e6ckA  of  Ireland,  which  will  be  described  in  a  future 
lecture. 

43.  Mont  Dor. — Before  entering  upon  the  de* 
scription  of  the  organic  remains  found  in  the  rocks 
and  strata  we  have  thus  hastily  surveyed,  it  will 
be  necessary  to  notice  another  system  of  extinct 

s2 
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^  canoes,  situated  in  tlie  same  province,  and  coik 
ted  nith  the  Puy  de  Dome.  While  in  the  diir> 
:t  I  have  juet  described,  the  primitive  soil  ii 
uuiy  partially  obscured  by  the  volcanic  products,  14 
at  Dor,  the  granitic  foundation  is  covered  ova; 
Hii  area  of  many  miles  in  extent,  and  the  ^niptol 
asses  attain  a  considerable  elevation.  Mont  Da 
IS  a  mountainous  tract,  the  highest  portion  of  whidt 
is  about  6,000  feft  in  altitude.  It  consists  of  i 
group  of  seven  or  eight  rocky  summits,  which  fonn 
a  zone  a  mile  in  diameter,  the  trhole  consisting 
of  a  succession  of  beds  of  volcanic  origin.  It  ia 
deeply  channelled  by  two  principal  valleys,  Bsd 
furrowed  by  many  minor  water- courses,  all  origi- 
nating near  the  central  eminence,  and  diverging 
towards  every  point  of  the  horizon.  The  beds  of 
which  this  group  is  composed,  consist  of  scorie, 
pumice-stone,  trachyte,  and  basalt ;  these  rock* 
dip  off  Irom  the  central  axis,  and  lie  parallel 
to  the  sloping  flanks  of  the  moantain,  u  is  tlie 
case  in  Etna,  the  Peak  of  Teaeriffe,  and  ail  othcf 
insulated  volcanic  mountains  (see  the  scodon  of « 
volcano,  Plate  VIII.  fig.  1).  There  is  no  enter, 
all  vestiges  having  been  destroyed  since  the  «X' 
tinotiou  of  its  fires ;  but  streams  of  lava  may  be 
traced  in  elevated  peaks,  over  a  gorge  wIiich.oc> 
cnpies  the  very  heart  of  the  mountain,  and  thej 
extend  to  a  distance  of  manf  miles,  A  remarkabft 
natural  section,  worn  by  a  cascade,  at  a  short  dJAr 
tanoe  from  the  baths  of  Mont  Dor,  axUbits  tlW 
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general  structure  of  the  beds  (PI.  VIII.  fig.  5). 
They  consist  in  a  descending  series  of — 1,  Porphy- 
titic  trachj-te;  a  volcanic  rock,  1^0  feet  ia  thick- 
rie«.  2.  Arenaceous  tufa.  3.  Columnar  basalt. 
i.  Breccia,  made  up  of  volcanic  fragments,  cemented 
together  bj  tufa.  5.  Thick  beds  of  basalt.  6. 
Wliite  ferruginous  tufa,  enveloping  fragments  of 
granite,  basalt,  &c.  This  bed  is  traversed  by  veins 
of  the  overlying  basalt. 

I  may  add,  that  the  volcanic  vents  of  central 
France  are  evidently  of  very  different  ages ;  some 
being  of  immense  antiquity,  while  others  must  be 
of  comparatively  recent  origin,  for  they  have  ex- 
ploded through  the  older  beds  of  basalt. 

44.  FrbsH'Water  limestone,  and  organic 
EEMAiNS  OF  AuvERRNE. — The  volcanic  rocks  of 
this  district  present  alternations  of  tiraestone, 
abounding  in  fresh-water  shells  and  other  animal 
remains ;  with  basalt,  scoriae,  and  other  igneous 
productions,  based  on  a  foundation  of  granite. 
These  beds  are  arranged  in  the  following  order, 
beginning  with  the  lowest  or  most  ancient : — 
1st.    Clay,  sand,  and   breccia,  without  organic 


2d.  Limestone  and  calcareous  marl,  in  strata 
nearly  horizontal ;  about  900  feet  thick.  These  arc 
entirely  of  fresh-water  origin,  and  abound  in  sheila 
of  the  genera  potamiiies,  helix,  planorbig,  and  lym- 
nea,  which  are  known  to  inhabit  lakes  and  rivers. 
Some  of  the   beds  contain  bitumen  ;    others   are 
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entirely  made  up  of  tlie  cases  of  the  caddis-warU 
(Indiisia  tubulala),  cemented  together  by  calcaiw 
silicious  matter.  This  specimen,  which 
cabinet  of  Faujas  St.  Fond,  displays  the  characters 
of  this  remarkable  concrete:  it  consists  of  the  tolia 
or  cases  of  the  larva  of  a  species  of  phry^ 
similar  remains  have  been  mentioned  as  occui 
in  abundance  in  the  alluvial  silt  of  LeweB 
(page  4i5).  The  tubes  are  formed  by  the  adhi 
of  shells  to  the  outer  surface  of  the  silki 
secreted  by  the  insect  j  these  cases  are  abandoi 
by  the  animal  when  its  metamorphosis  is  compl 
and  groups  of  them  may  be  seen  in  ditches  or 
In  the  fossil  they  have  been  cemented  by  calci 
infiltration  into  a  stone,  so  hard  as  to  be  employ<4 
for  building.  The  attached  shells  are  so  minute, 
that  more  than  a  hundred  are  affixed  to  one  tube, 
and  the  space  of  a  cubic  inch  often  includes  ten  or 
twelve  tubes.  Jf,  says  Mr.  Scrope,  we  conaidsr 
that  repeated  strata,  of  live  or  six  feet  in  tbicknetSi 
almost  entirely  composed  of  these  tubes,  once  ei- 
tended  over  the  whole  plain  of  the  Limagne,  occo- 
pying  a  surface  of  many  hundred  square  miles,  we 
may  have  some  idea  of  the  countless  myriads  of 
minute  beings  which  lived  and  died  within  the 
bosom  of  that  ancient  lake.  In  the  limestone, 
associated  with  land  and  fresh-water  shells,  and 
remains  of  vegetables,  are  bones  of  the  palicothe- 
rium,  anoplotherium,  lagomys,  martin,  dog,  rat, 
tortoiu,  crocodile,  serpent,  and  birda,  and  in  wfcMl 


Ibe  lava  currents  that  have  floweii  over  them  have 
produced  but  little  change.  Thia  series  comprises 
iIbo  beds  of  gypseous  and  laminated  marls,  with 
atercalations  of  silicious  limestone,  containiii^  im- 
pressions  of  lake  and  river  shells.  In  some  loca- 
Utieii  the  fresh-water  limestone  has  an  intermixture 
of  volcanic  matter,  presenting  all  tiie  characters  of 
«  tedimeut  slowly  and  tranquilly  deposited  in  a 
lake,  into  which  ashes,  and  fragments  of  rocks  and 
teonie,  were  projected  by  a  neighbouring  volcano ; 
hhile  there  are  beds  which  appear  to  have  been 
I  fcnned  by  a  violent  intrusion  of  volcanic  matter. 
'  '  3d>  Immense  beds  of  volcanic  production,  con- 
'  airting  of  basalt,  scoriie,  &c.  now  existing  in  sheets 
'  Df  lava,  either  spread  over  the  tabular  masses  of 
fresh-water  limestone,  or  appearing  as  crests  on  the 
■nmmite  of  the  lower  hills.  (Plate  VIII.  fig.  3.) 
1  4th.  Sand  and  diluvial  gravel,  containing  bonea 
9t  the  mastodon,  elephant,  hippopotamus,  rhino- 
pNOfl)  tapir,  horse,  boar,  felis,  hyena,  bear,  dog, 
beaver,  hare,  &c.;  with  these  are  associated  lignite, 
ud  other  vegetable  remains.  Some  of  the  beds  of 
fimestone  abound  in  seed-vessels  of  the  chara ; 
kod  the  laminated  clays  contain  fishes,  and  leaves, 
gtems,  &:C.  of  reeds  and  other  plants, 
i  There  are  several  incrualing  springs  in  Auvergne, 
lugely  impregnated  with  carbonic  acid,  which  pour 
oat  immense  quantities  of  calcareous  tufa ;  these 
burst  through  the  primary  rocks,  which  form  the 
e  of  the  whole  territory,  and  cover  the  volcanio 
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focus  whence  tliese  niiuerBl  waters,  in  all  probabB| 
originate.    Thermal  Mpriugs  are  also  very  ou 
tlirougliout  this  district. 

45.      SuMMAlty    Olf     THE    OE01.OO1CAL    1 

MENA  OF  AuvERONE. — In  the  calcareouB  a 
cious  limestonea  of  Auvergne,  and  their  aasoci^ 
laminated  marls,  gypsum,  lignile,  and  conglonwilri 
we  have  a  general  analogy  with  the  older  I 
water  tertiary  forraationa  of  Paris  and  tlie  Isla^ 
Wij^ht ;  the  shells  and  plants  being  similar,  aixll 
quadrupeds  of  the  same  genera.  And  if  w 
the  Paris  baain  to  have  been  elevated  during  tl 
active  state  of  neighbouring  volcanoes,  and  tti^ 
successive  streams  of  lava  had  flowed  over  it> 
sedimentary  deposits,  we  should  have  a  seriei  tX 
phenomena  resembling  those  of  Auvergne,  with  th 
exception  that  the  presence  of  marine  remains  wOl 
denote  that  the  basin  had  been  filled  with  salt  w 
The  facts  submitted  to  our  notice  appear  to  estabtl 
the  following  sequence  of  physical  events. 

IsL  The  elevation,  after  the  deposition  of  tl 
secondary  limeatone,  of  the  whole  area  of  the  pri- 
mary rocks  which  form  the  foundation  of  central 

2dly.  Aperiodof  tranquillity,  during  which  fresb- 
water  lakes  occupied  the  irregular  hollows  of  the 
district ;  the  neighbouring  country  being  inliabited 
by  palffiotheria,  anoplotheria,  and  other  extinct 
niamraaliii,  whose  bones,  together  with  the  then 
existing  vegetation,  and  the  shells  of  tlip  Ucuatiiiw 
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ire  eDveloped  in  the  tranquil  depositions 
gtiog  on  in  tlie  lacustrine  basins. 

Sdly.  Another  elevation  of  the  district ;  a  new 
ifstero  of  lakes  was  established,  the  country  became 
ebthed  with  forests,  and  inhabited  by  large  deer, 
oxen,  rhinoceroses,   and    hyenas,  whose   skeletons 

ere  imbedded  in  the  sediments  of  the  waters. 

Mhly.  The  Tolcanoes  became  active  ;  explosions 
took  place  through  hundreds  of  vents ;  trachyte  and 
hasalt  were  ejected,  and  in  some  places  pierced  the 
fVcslL-water  deposits,  while  in  others  they  overspread 
them  with  sheets  of  lava.  Vegetation  still  flourished, 
and  the  remains  of  plants  were  entombed  in  the 
volcanic  products. 

Sthly.  Another  period  of  tranquillity — the  rivers, 
and  other  water- courses,  dammed  up,  or  deranged 
by  the  lava  currents,  formed  new  channels,  and  ac> 
enmnlated  beds  of  gravel,  sand,  and  clay.  Gigantic 
deer  and  oxen  still  inhabited  the  district,  having 
for  con  temporaries  hyenas  and  other  carnivora. 
Volcanic  eruptions  succeeded,  and  continued  till  a 
comparatively  recent  period. 

Lastly.  Floods  and  rivers  of  later  date,  which 
now  constitute  the  drainage  of  the  country,  began 
to  wear  away  channels  through  the  beds  of  lava  and 
limestone  to  the  granite  rock  beneath,  intersected 
the  country  with  valleys  and  ravines,  and  spread 
over  the  ancient  beds  the  modern  alluvial  soil.* 

•  Thi>  account  of  the  voleanic  district  of  Auvergne,  is  »ii 
■bitact  of  the  mterestiiig  Emja  of  Uaairs.  BbIuwbII,  Soiqie, 
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46.  Erosion  of  valleys  rt  water-currxhtl 
— There  is  perhaps  no  district  which  exhibits  in 
more  striking  characters  the  erosive  power  of  nm- 
ning  water,  than  Auvergne.  In  many  places  the 
basalt  is  columnar,  like  that  of  StafiTa,  and  the  Giantf 
Causeway ;  and  one  range,  on  the  banks  of  the 
Ard^che,  forms  a  majestic  colonnade  150  feet  in 
height,  extending  a  mile  and  a  half  along  the  TaUey 
which  has  been  channelled  out  by  the  stream  that 
flows  at  its  base.  Mr.  Scrope's  description  of  this 
process  is  highly  graphic.  *^  The  bed  of  the  Ardtche 
is  strewed  with  basaltic  boulders,  pebbles,  and  saodf 
originating  from  the  destruction  of  the  columnar 
ranges.  In  some  of  the  volcanic  cones  the  beds 
of  basalt  may  be  traced  issuing  from  the  crater  and 
following  the  inequalities  of  the  valley,  just  as  a 
stream  of  lava  would  flow  down  the  same  course  at 
the  present  time.  Yet  these  ancient  currents  have 
since  been  corroded  by  rivers  which  have  won 
through  a  mass  of  rock  150  feet  in  height^  and 
formed  a  chanaei  even  in  the  granite  rocks  beneath, 
since  the  lava  first  flowed  into  the  valley.  In  an- 
other spot,  a  bed  of  basalt  160  feet  high,  Ims  been 
cut  through  by  a  mountain  stream,  and  very  beau- 
tiful columnar  masses  are  displayed.  The  vast  ex- 
cavations effected  by  the  erosive  power  of  water 
along  the  valleys  which  feed  the  Ardeche,  since 

Lyell,  Murchison,  Dr.  Daubeny,  Dr.  Hibbert,  MM.  Croiset, 
Jobert,  Bobert,  and  Bertrand-Roux.  Mr.  Scrope's  work  cannot 
be  perused,  even  by  the  general  reader,  without  deep  interest.. 
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tiieir  invasion  by  lava  currents,  prove  that  even  the 
moBt  recent  of  these  valcanic  eruptions  belong  to 
sn  era  incalculably  remote." 

.  47-  Extinct  volcanoes  of  the  Rhine. — 
I  have  dwelt  so  long  on  the  Phlegreean  fields  of 
Auvergne,  that  but  a  brief  space  can  be  afforded 
to  another  group  of  tertiary  volcanoes.  Every  one 
who  has  ascended  the  Rhine,  will  remember  where 


fermjng  one  of  the  Siebengeb  i^e  or  beven  Moun 
tUns   wbose  majestic  and  graceful  forms  suddenly 


lk^^r^2 


burst  on  the  sight,  rising  from  the  level  plains 
the  xigkt  bank  of  the  river,  to  an  altitude  of  nearly 
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1,500  feet.      These  picturesque  objects  belong  to 
a  group  of  extinct  volcanoes ;  while,  on  the  opposite 
side  of  the  river,  the  Eifel,  with  its  crater  covered 
with  scoriae  and  cinders,  and  lava  currents  still  dis- 
tinctly visible,  attest  the  wide  area  over  which  those 
ancient  fires  once  extended.      Unlike  the  distriet 
we  have  just  noticed,  the  foundation  rock  of  the 
country  is  an  ancient  sedimentary  deposit,  caDed 
greywache,  consisting  of  coarse  red  sandstone  and 
slate  of  a  peculiar  character,  which  we  shall  describe 
hereafter,  thrown  into  a  highly  inclined  position. 
Through  these  beds  the  volcanic  eruptions,  con- 
sisting of  trachyte,  basalt,  and  other  modifications 
of  trap  rocks  and  scoriae,  have  forced  their  way. 
The  basalt  is  black,  very  compact,  and  breaks  into 
sharp  fragments ;    it  is  frequently  columnar,  and 
the  separate  hexagonal  pillars  are  made  use  of  for 
posts  and  paving,  in  the  adjacent  towns.      Such, 
says  Mr.  Horner  (whose  interesting  memoir*  has 
furnished  the  materials  for  this  imperfect  sketch), 
is  the  profusion  of  basaltic  pillars,  that  the  walls 
of  the  town  of  Linz  are  wholly  built  of  these  mate- 
rials, placed  on  their  sides,  with  the  ends  projecting 
outwards.     The  streets  are  paved  with  the  smaller 
columns  set  on  end,  thus  forming  a  miniature  re- 
presentation of  the  Giants*  Causeway ;  and  the  same 
volcanic  product  forms  a  large  proportion  of  the 
walls  of  Bonn  and  Cologne.     The  greywacke  is 

•  On  the  Geology  of  the  Environs  of  Bonn,  by  Leonard 
Homeiv  Esq.  F.R.S.    Geological  Transactions,  voL  iv.  1SS6. 
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covered  by  a  series  of  tertiary  deposits,  consisting 
of  sand)  sandstone,  clay,  and  lignite,  constituting 
vtiat  Is  termed  a  brown  coal  formation.  On  these 
itrata  an  extensive  layer  of  gravel  is  superposed, 
OTer  vbich  is  spread  a  loosely  coherent,  sandy  loam, 
provinciolly  termed  loess,  which  contains  recent 
ipecies  of  terrestrial  and  fresh-water  shells,  and 
fbnns  the  subsoil  of  the  vast  plains  in  which  Bonn 
ud  Coblentz  are  situated,  exteuding  as  far  as  the 
falls  of  Schaffbausen. 

48.  Brown  coal  formation. — As  the  usual 
condition  in  which  bituminized  vegetable  matter 
occurs  in  the  tertiary  formations,  is  well  exemplified 
in  the  brown  coal,  or  lignite,  of  the  Khine,  it  will 
be  instructive  to  examine  the  characters  of  this 
deposit  somewhat  in  detail ;  for  we  shall  thereby 
obtain  data  which  will  prepare  us  for  the  investi- 
gation of  the  ancient  carboniferous  system.  This 
formation,  which  is  spread  over  a  gieat  extent  of 
country  on  both  sides  of  the  Rhine,  consists  of, 
clay,  sand,  sandstone,  conglomerates,  clay  and  iron- 
stone, and  lignile,  or  bituminized  wood  of  various 
qualities)  disposed  in  distinct  beds,  and  intermixed 
witb  argillaceous  matter.  The  breadth  of  the 
ridge  of  low  hills  formed  by  this  assemblage  of 
strata  on  the  left  bank  of  the  Rhine,  is  from  three 
to  five  miles,  its  elevation  varying  from  50  to 
200  feet 

The  lignite  occurs  in  the  following  states:— 
1.  A  black  earthy  and  pulverulent  substance.  2.  Con- 
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cretionary  masses,  with  leaves  and  fragmenti  of 
wood.     3.  Wood  in  various  degrees  of  bitaimiu- 
zation,  and  of  shades  of  colour,  from  a  light-browi 
to  jet-black.     4.  Very  finely  laminated  masses  of 
bituminous  matter  and  clay,  of  a  dark  chocdttB 
colour,  and  separating  into  elastic  flakes,  as  thin  ai 
paper,  whence  its  name  papierhohJe*    These  speci- 
mens, collected  by  Sir  P.  M.  de  Grey  Egerton^  Bivt 
exhibit  the  peculiar  character  of  the  substance, 
which  is  so  highly  bituminous  as  to  bum  with  S 
bright  flame.     The  wood  is  generally  in  inconside^ 
able  fragments ;  but  stems  of  large  trees,  somewhat 
compressed,  occasionally  occur ;  in  some  instances 
the  trees  are  imbedded  in  an  upright  position,  with 
the  roots  attached  and  the  stems  passing  through 
several  beds  of  lignite.    In  many  examples  the  wood 
is  so  little  changed,  that,  like  the  timber  of  our 
peat-bogs,  it  is  employed  in  building;  in  others  it 
is  highly  pyritous,  or  in  other  words,  is  impregnated 
with  sulphuret  of  iron,  like  the  fossil  vegetables 
of  Sheppey.     ]\Ir.  Horner  states,  as  the  result  of  his 
investigations,  that  there  were  extensive  fresh-water 
lakes,  in  the  sediments  of  which  trees  and  plants, 
drifted  by  land-floods,  were  engulfed ;  and  that  vol- 
canic eruptions  were  simultaneously  going  on,  in 
the   same   manner   as   in   the   modern    submarioe 
volcanoes.     There  is  a  great  fault,  or  dislocation, 
of  the  brown  coal  formation,  which  may  be  attri- 
buted to  a  powerful  and  sudden  volcanic  explosion, 
that   probably  occasioned    the    elevation    of  the 
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Kebengeliirge,  and  raised  up  that  portion  of  tlie 
'beds  which  reposes  on  the  flanks  of  those 
peaks.  The  gravel  covering  the  lignite,  must  have 
Wen  strewed  over  the  plain  previously  to  this  ele- 
vation, for  it  is  found  on  both  sides  of  the  river  at 
a;  great  height,  and  not  in  the  intermediate  plain. 
These  inductions  are  so  evident  as  to  require  no 
CDBunent. 

The  ancient  alluvium,  the  loess,  very  much  re- 
aembles  a  bed  of  loam  which  occurs  in  some  parts 
of  Lewes  Levels,  and  incloses  fresh-water  and  land 
ahells  of  many  existing  species ;  it  rarely  contains 
bones  of  quadrupeds;  a  few  remains  of  the  horse 
and  mammoth  have  however  been  discovered." 
From  the  extensive  distribution  of  this  deposit,  and 
its  occurrence  at  various  elevations,  in  some  in- 
atancea  on  the  flanks  of  mountains  1,200  feet  above 
the  level  of  the  sea,  at  others  spread  out  over  the 
gravel  of  the  vast  plain  of  the  Rhine,  it  is  inferred, 
that  although  the  loess  has  been  deposited  since 
the  existing  system  of  the  hills  and  valleys  of  the 
country,  yet  that  changes  must  have  taken  place  in 
the  physical  geography  of  the  district,  subsequent 
to  its  original  formation ;  and  there  is  reason  to 
conclude,  that  since  the  deposition  of  this  fiuviatile 
ioam  all  the  land  between  Switzerland  and  Holland 
bas  suffered  a  subsidence,  and  a  subsequent  eleva- 
tion, to  the  amount  of  many  hundred  feet.'j' 

•  Principles  of  Geology, -vol.  iv.  p.  33. 

f  Ibid. {  read  >rith  particular  atteation,  pp.36  and  37- 
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a.  Other  tertiary  strata  of  EtrsoFE, 
2TB  America,  &c. — It  has  already  been  m 
led  that  strata,  referable  to  the  period  compre- 
i:tided  between  the  nevest  secondary  formatioDs 
id  the  humaQ  epoch,  occur  throughout  Europe, 
e«eDting  in  some  instances  well-defined  groups, 
nith  marked  boundaries;  in  others,  vast  areas,  orer 
which  these  deposits  are  irregularly  spread.  The 
geographical  relations  of  the  tertiary  strata  to  the 
esistiug  lands  and  seas,  is  an  interesting  subject  of 
inquiry,  but  one  oo  which  my  limits  forbid  me 
enter.  I  may  however  observe,  that  Europe  most 
have  posseased  many  of  its  most  striking  physical 
characters  at  the  commencement  of  the  eocene 
period;  and  that  its  present  configuration  has  been 
produced  by  the  conjoint  effect  of  successive  muta- 
tions in  the  relative  level  of  land  and  water,  during 
the  deposition  of  the  marine  and  fresh-water  strata. 
reviewed  in  this  discourse.  In  India,  formations  of 
a  like  nature  have  been  observed  in  the  Burmese 
empire,  in  the  Sub-Himalaya  mountains,  and  in  tbe 
Caribari  hills ;  aud  among  the  remains  of  varit 
quadrupeds  a  new  species  of  anthracotherium,  ( 
of  the  genera  discovered  in  the  tertiary  strata 
France,  has  been  found. 

In  North  America  the  researches  of  Dr,  JMorton, 
Professor  Vanuxem,  and  other  observers,  have 
shown  that  in  the  territories  of  the  United  Slates 
tertiary  deposits  extend  over  a  great  part  of  Mary- 
land, along   the   coast  of  New  York   and  New 
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igiand,  and  occur  ia  New  Jersey,  Delawarei  Long 
and,  &c.  The  tertiary  beds  of  Maryland  consist 
ditueetone,  clay,  sand,  and  gravel,  and  abound 
the  usual  types  of  European  tertiary  murine 
sUb.  I  have  placed  before  you  a.a  extensive 
|Uection  from  the  United  States,  for  which  1  am 
Idebted  to  the  kindness  of  Dr.  Morton,  Mr.  Conrad, 
ir  Siiliman,  Dr.  Harlan,  aud  other  American 
and  you  will  observe  how  striking  is  the 
analogy  betweeu  these  shells  and  those  of 
Paris  and  London  baaina.  The  turritella,  vene- 
faiux,  afteilla,  &c.  are  identical  with  the 
LRipean  species ;  but  some  of  the  types  are  alto- 


h  SO.. 
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tefBut  striking  as  are  the  proofs  already  adduced 
||yf  elevation,  and  other  efi'ecta  of  volcanic  agency 
'Mbning  the  tertiary  period,  these  sink  into  com- 
'^arative  insignificance  when  contrsisted  with  the 
4DOnnouB  changes  which  have  taken  place  in  the 
'^great  mountain  chains  of  South  America  during 
fA^  same  geological  epoch.  From  the  researches  of 
KD  eminent  naturalist  and  highly  intelligent  ob- 
'kerver,  Mr.  Charles  Darwin,  we  learn  that  an 
extensive  tertiary  system,  analogous  to  that  of 
^Europe,  skirts  both  flanks  of  the  primary  rocks 
whiofa  form  the  southern  chain  of  the  Andes,  the 
latter  having  suffered  a  certain  degree  of  elevation 
jjefore  the  deposition  of  the  former.  These  strata 
,  am  of  great  thickness  and  extent,  and  separable 
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ihi  HriUirif  plain,  out  of  which  ((raw  Urge  foroiit  treei. 
:jl  can  prove  that  both  ■{(!«■  of  tlio  Andui  havr  rUca  in  thi« 
NQMt  period  to  a  coniiiderablo  licif^Iit.  Ilero  Iho  Hhcdln  wero 
wO  fbct  above  the  Nca.  On  the  bare  HidcN  of  the  CordillcrnN 
'•POipUoated  dykeii  and  wodKrn  of  variouNly  roloiiro<l  rocks  are 
JMB  travemiiifi;,  in  every  poaiible  form  and  ■impc,  the  iRme  for- 
VUUioni  and  thuH  proving  by  their  intrrNrctionii  a  Mucceiiion  of 
fioltiiccs.  Tbi*  iitriitiflration  in  all  the  nioiintninN  in  l>cautifully 
dbtinct,  and  owing  to  a  variety  of  colouring  can  be  neon  nt 
'Ipcat  diitanceH.  Porphyritic  ronglonicrateii,  renting  on  granite, 
imn  the  princiiial  inamei.  J  cannot  imagine  any  part  of  the 
VOrld.prcMcnting  n  more  extraordinary  Nccne  of  the  breaking  up 
of  the  cruNt  of  the  globe  tlian  thcHi*  ccntrnl  pcnkH  of  the  AndcN. 
Th«  strata  in  the  highcNt  pinnaclcn  are  iilmoRl  unlversAliy  in- 
•liMd  at  an  angle  from  70"  to  HO".  ]  cannot  tell  you  how  much 
1  tnjoyed  some  of  the  viewN ;  it  is  alone  worth  coming  fVoni 
Sngland  to  feel  at  (mce  hucIi  intvnNe  delight.  At  an  elevation 
of  Adiii  ten  to  twelve  IhouNnnd  feet  there  \h  a  traniipAreney  in  the 
tit,  and  a  eonfimion  of  diNtanceii,  and  a  NtiilneNH,  which  give  the 
iMUation  of  being  in  another  world.  Tlie  moMt  important  and 
noat  developed  formation  in  (Ihiii  in  tlie  porphyritic  concrete. 
From  a  great  nmnher  of  HcetiouH  I  find  it  to  he  a  true  coarse 
conglomerate  or  breeeia,  whieli  paNHea  iiy  every  atep  in  alow 
gradation  to  a  iliie  elay-atone  porphyry  ;  the  prhhlf»  and  rrmrnt 
ktetmiuK  ptirphifritir^  till  at  hut  all  it  hlendfd  in  one  cumpaet  rock. 
The  por])hyrieH  are  exeeNaively  abundant  in  thia  chiiiUf  and  at 
least  four-finiiN  of  tliem,  I  am  aure,  havr  hrvn  thu»  prwlurvd frutn 
ttHimtntarij  hvda  in  aitu.  The  rapellata  range  ia  geologieallly 
although  only  aix  or  aeveti  thouaand  feet  high,  a  continuation  of 
tho  grand  eaatern  ehain.  It  haa  ita  nucleua  of  granite,  eonaiat- 
Ing  of  hedri  of  various  eryHtalline  rocka,  (which  I  have  no  doubt 
aro  subaiiueona  lavaa,)  alternating  with  aatidatone,  conglome- 
rates, and  white  aluminous  bedsi  like  decomi>oaed  felspar, 
with  many  other  curious  varietiea  of  aedimentary  deposits.  Jn 
•n  fscar|iment  of  compact  greenish  sandstone,  /  found  a  amall 
W09d  qf  petrified  treea  in  a  veriirat  positioHt  or  rather  the  strata 
were  Inclined  about  'iii*  or  3U<>  to  one  point  of  the  trees,  and  70o  to 
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iuto  two  groups  ;  the  lowermost  beds,  Ukatha 
Auvergne,  repeatedly  alternate  with  lavas,  sndl^ 
denote  the  commeceement  of  the  eruptions  of  tb 
ancient  craters.  Over  these  are  aecumulatiou  ff 
porphyritic  pebbles,  covered,  at  elevatiooH  of  n 
hundred  feet,  by  beds  of  sheila  of  recent  specia; 
and  the  sides  of  the  mountains  appear  like  a  sw- 
cession  of  sea-beaelies,  which  have  been  slowly  tli 
tranquilly  lifted  up.  The  altered  character  of  At 
tertiary  deposits  within  the  influence  of  the  igneous 
products, — the  transmutation  of 
loose  pebbles  into  solid,  compact  rocks, — and  the 
occurrence  of  metalliferous  veins  in  strata  of  com- 
paratively modern  formation, — are  facts  so  powerfiiBj 
exemplifying  the  geological  principles  enunciat«l 
in  the  former  lectures,  that  although  this  disconne 
hus  extended  to  a  great  length,  1  cannot  omit  Mr. 
Darwin's  spirited  and  graphic  description  of  these 
phenomena,  as  originally  communicated  in  a  letter 
to  Professor  Henslow,  of  Cambridge,  dated  Valpa- 
raiso, March  1835. 

"  You  will  luve  heard  of  the  dreadful  earthquake  of  Ihe  20th 
February.  I  wiali  gome  of  the  geologiatjs,  who  (hitik  the  ealtll- 
ijuakea  of  these  times  are  trifling,  could  Bee  how  the  solid  Tooka 
»re  shivered.  In  the  town  there  is  not  Due  house  iiabitable; 
the  ruios  remind  me  of  the  drawings  of  the  desolated  eutcn 
citiea.  We  were  at  Valdiria  at  the  time,  and  fell  the  chock  tbij 
ecTerely.  The  sensation  was  like  that  of  skating  over  very  Ihin 
Joe,  that  is,  disliact  luidulatioiis  were  perceptible.  The  whole 
Bcene  of  Conception  and  Talesana  is  one  of  the  most  interestiox 
spectacles  we  have  beheld  since  we  left  England.  1  wai  much 
pleaaed  kt  Chiloe  by  finding  a  thick  bid  of  recent  egiler-ilkilb 
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\^fhg  Iht  Itrliarii  plaiK,  out  of  which  grew  large  forest  treei. 

i  eta  proTe  thut  both  sides  of  lli?  Andei  have  risen  in  this 

noort  period  to  s  considerable  height.     Here  the  ahells  were 

DO  leel  nboye  the  «ea.     On  the  hire  (ides  of  the  Cordilleras 

lloil«d  dykes  sad  wedges  of  rariouil}'  coloured  rooks  are 

larerstng,  in  eieiy  possible  form  and  shape,  the  same  for- 

■sCioQ,  and  thus  pro«ing  by  their  intersuetions  ■  succession  of 

hiaices.     The  stratification  in  all  the  mountains  is  heaulifnlly 

liacl,  snd  owing  to  s  variety  uf  colouring  can  be  seen  at 

at  lti«tuicu.    Porphyritio  conglomc rales,  resting  on  granite, 

ID  the  principal  masses.     1  cannot  imagine  any  part  of  ihc 

[ld,prescnling  a  more  extraordinary  scene  of  the  breaking  up 

Mc  the  crust  of  the  globe  than  these  central  peaks  of  the  Andes. 

Hbe  strata  In  the  highest  pinnscles  sre  almost  universally  in- 

N&ed  at  an  angle  from  70°  to  80°.    I  cannot  tell  you  how  much 

UMJoyed  some  of  (he  views;  it  is  alone  worth  coming  from 

^Ai^nd  to  feel  at  once  such  Intense  delight.    At  an  elevation 

nK&om  ten  to  twelve  thousand  feet  there  is  a  tranapsrency  in  the 

fVr,  and  a  contusion  of  distances,  and  a  stillness,  which  give  the 

Cicn  of  being  in  another  world.     The  most  important  and 

.,, developed  formation  in  Chili  is  the  porphyrilic  concrete. 

I^Tom  a  great  number  of  sections  I  £nd  it  to  be  a  true  cnarae 
^Conglomerate  or  breccia,  which  passes  by  every  step  in  stow 
^MdatiOD  to  a  fine  clay-stone  porphyry ;  tin  pebblej  and  ctmnl 
[ttttmiitg  porphy rilic,  till  at  but  alt  ii  blendid  in  me  campael  rock. 
The  porphyries  are  excessively  sbuadsnt  in  this  chain,  and  at 
least  four-fifths  of  them,  I  am  sure,  hose  been  thus  produced  frmn 
itHmetitary  bedi  in  ailu.  The  Uapellata  range  is  geologioillly 
dOiaugh  only  six  or  seven  thousand  feet  high,  a  continuation  of 
At  grand  eastern  chain.  It  has  its  nucleus  of  granite,  coastat- 
^  of  beds  of  various  crystalline  rocks,  (which  I  have  no  doubt 
■re  subaqueous  lavsa,)  allernsling  with  sandstone,  cooglome- 
ntei,  and  while  aluminous  beds,  like  decomposed  felspar, 
iridl  niany  other  curious  varieties  of  sedimentary  deposits.  In 
an  esearpaient  of  compact  greenish  sandstone,  /  found  a  imaU 
tBtai  ef  pelrifitd  trees  in  a  vertical  pmUion,  or  rather  the  strata 
were  inclined  about  20"  or  30°  to  one  point  of  the  trees,  and  70"  to 
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the  other ;  that  is,  beibra  the  tilt,  they  were  truly  Tertic»L  ] 
sandstone  cotisisU  of  many  hotizDntal  lajiers.  EUTenofjg 
trees  sre  perfectly  BiUcifieil,  and  resemble  the  diootyleil 
wood  which  I  faiind  at  Chlloe  and  Conception  i  theodien,lH 
thirty  to  forty  in  number,  I  only  know  ti  ~ 
analogy  cf  form  and  position ;  they  goi 
columns  of  coareely  crystallized  carbonate  of  lime.  The  la 
trunk  is  seven  feet  in  circumference.  They  are  a]l  close  ti^ 
ther,  within  one  hundred  yards,  and  abnut  the  eauie  le>el|fl 
where  else  could  I  £nd  any.  It  cannot  be  doubted  thitaf 
layers  of  fine  sandstone  have  quietly  been  deposited  betwM 
clump  of  trees,  which  were  fiaed  by  their  roots.  Tht  u 
reals  an  Java;  is  covered  by  a  great  bed,  aj^rently  abMt  m 
thousand  feet  Ihiek,  of  black  avgile  lava  i  am 
leait  five  grand  aUet-nationi  of  suck  rocks,  and  aqueoui  ledimntmt 
rfejuuils,  amounling  in  thickness  la  aeperal  thousamifeet.  Accord- 
ing to  my  view  of  these  phenomena,  the  granite,  which  fomi 
peaks  of  a  height  probably  of  14,000  feet,  has  been  fluid  in  Ibe 
tertiary  epoch ;  strata  of  that  period  have  beeo  altered  h;  iu 
heat,  and  are  traversed  by  dykes  from  the  mass,  and  are  Dow 
inclined  at  high  angles,  aad  form  regular  or  complicated  anti- 
clinal lines.  To  CBinpleU  Ike  climax,  Iheie  same  ledimentart/  sl> 
and  lavas  are  Iraveried  by  very  numeraui  true  melallK  Dant  ^  ■■ 
iron,  copper,  arsenic,  silver,  and  gold,  and  these  Ci 
tha  underlying  granite^  A  gold  vdjie  has  been  aar, 
etump  cfsilieifed  trees !" 


51.  Tertiary  SALiFEHOus  deposit. — Not  only 
coal,  but  even  extensive  beds  of  rock  salt  occur  in 
the  tertiary  system.  The  celebrated  salt  mines  of 
Gallicia,  of  which  M.  Bou6»  has  given  an  inte- 
resting description,  belong  to  this  epoch.  The 
deposit  is  nearly  3000  yards  long,  1066  broad,  and 
280  yards   deep.      The    upper  part  of  I 
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consists  of  green  salt,  with  nodules  of  gypsam  in 
marl.  The  salt  contains  ia  some  places  lignite, 
bituminous  wood,  and  shells.  In  the  lower  division 
are  beds  of  arenaceous  marls,  with  lignite,  impres' 
Bions  of  plants,  and  veins  of  salt;  coarse  sandstone, 
with  vegetable  remains ;  aluminous  and  gj'pseous 
«bale,  and  indurated  calcareous  marl,  with  sulphur, 

'    salt,  and  gypsum. 

'  52.  Retrospect. — So  numerous  and  varied  have 
been  the  phenomena  presented  to  our  notice,  that 

I    a  comprehensive  retrospect  is  necessary,  in  order 

i;  that  we  may  obtain  a  correct  idea  of  the  important 
and  highly  interesting  deductions  resulting  from 
this  general  survey  of  the  tertiary  formations. 

In  the  pliocene,  or  newer  tertiary,  which  also 

'  embraces  the  mammalian  epoch  of  the  last  lecture, 
the  fossil  remains  in  the  alluvial  deposits  afford  in- 

:  coDteetible  proof  that  the  mammoth,  mastodou,  hip- 
popotamus, dinotherium,  and  other  colossal  animals 
of  extinct  species  and  genera,  together  with  birds, 

I  reptiles,  and  enormous  carnivora,  inhabited  such 
districts  of  our  continents  as  were  then  dry  land ; 
while  the  older  tertiary,  or  eocene,  incloses  the  bones 
of  land  animals,  principally  of  a  lacustrine  character, 

'  which  approximate  to  certain  races  that  now  exist 
in  the  torrid  zone,  but  belong  to  extinct  genera, 

]    that  preceded  the  mammoth   and  the   mastodon, 

:    The  seas  and  lakes  of  that  remote  epoch  occupied 

areas  which  are  now  above  the  waters ;  and  rocks        ^ 
mad  mountains,  hills  and  valleys,  streams  and  rivers-     ^H 
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diversified  the  surface  of  countries  which  are  wMr 
destroyed  or  entirely  changed ;  and  whose  past  et* 
istence  is  revealed  by  the  spoils  which  the  stretKi 
and  rivers  have  accumulated  in  the  ancient  lakn 
and  deltas.    The  ocean  abounded  in  moUusca,  cmi- 
tacea,  and  fishes,  a  large  proportion  of  whidi  is 
referable  to  extinct  species.     Crocodiles,  turtbii 
birds,   and   insects,   were   contemporary   with  the 
palseothorium,  and  anthracotherium ;    and  aninud 
organization,  however  varied  in  certain  types,  pre^ 
sented    the  same    general  outline  as   in   modern 
times ;  the  extinction  of  species  and  genera  being 
then,  as  now,  in  constant  activity.     The  vegetable 
world  also  contained  the  same  great  divisions ;  there 
were  forests  of  oak,  elm,  and  beech ;  of  firs,  pines, 
and  other  coniferous  trees;  palms,  tree-ferns,  and 
the  principal  groups  of  modern  floras ;  while  the 
water,  both  salt  and  fresh,  teemed  with   the  few 
and  simple  forms  of  vegetable  structure  peculiar 
to  that  element.     The  state  of  the  inorganic  world 
is  not  less  manifest :  the  abrasion  of  the  land  by 
streams  and  rivers, — the   destruction    of  the  sea- 
shores by  the  waves,  and  the  formation  of  beach 
and  shingle, — the  desolation  inflicted  by  volcanic 
eruptions, — all  these  operations  were  then,  as  now, 
in  constant  action.    The  bed  of  an  ancient  sea,  con- 
taining myriads  of  the  remains  of  fishes,  Crustacea, 
and  shells,  now  forms  the  site  of  the  capital  of 
Great  Britain ;  and  accumulations  of  tr6pical  fruits 
pmd  plants,  drifted  by  ancient  currents  from  other 
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etimes,  constitute  islands  in  the  estuary  of  the 
Thames ;  while  the  sediments  of  lakes  and  gulfs, 
teeming  with  the  skeletons  of  beings  which  are 
blotted  out  from  the  face  of  the  earth,  compose  the 
soil  of  the  metropolis  of  France* 

Although  the  changes  in  the  relative  level  of  the 
land  and  sea  during  this  epoch  were  numerous  and 
extensive,  yet  one  region  still  preserves  traces  of 
its  original  physical  geography ;  and  although  the 
earthquake  has  rent  its  mountains  to  their  very 
centre — though  hundreds  of  volcanoes  have  again 
and  again  spread  desolation  over  the  land — and 
inundations  and  mountain  torrents  have  excavated 
valleyS)  and  chequered  the  plains  with  ravines  and 
water-courses — yet  the  grand  primeval  features  of 
that  country  remain ;  and  we  can  trace  the  boun- 
daries of  its  ancient  lakes,  and  the  succession  of 
changes  it  has  undergone  from  the  first  outbreak  of 
its  volcanoes,  to  the  commencement  of  the  present 
state  of  repose.  The  lowermost  lacustrine  deposits 
in  Auvergne,  which  are  spread  over  the  foundation 
rock  of  granite  unmixed  with  igneous  productions, 
mark  the  period  antecedent  to  the  volcanic  era ; 
.while  the  intrusions  of  lava  and  scoriae  in  the  super- 
incumbent strata,  denote  the  first  eruptions  of  Mont 
Pome«  The  succeeding  period  of  tranquillity  is 
recorded  in  characters  alike  intelligible.  The  slow 
d^osition  of  calcareous  mud — the  incrustation  of 
successive  generations  of  aquatic  insects,  crustacea, 
and  moUusca,  and  we  may  even  add  of  iofuipria — 


tho  inibrdiliiig  «i'  thu  boiimt  nf  nianiinalin,  hirdi<  • 
rvptilrN — tim  ttccuniulation  of  ligiiiti'  and  other  vigl 
toblp  mnttm- — uro  dnta  from  whicli  w»  mny  n 
thp  ancient  country  of  Central  I'ranon, 

U  wan  u  region  onairoleil  l>y  n  ohain  of  (| 
nioiintninN,  wutnri'd  hy  iiuiui>r»u>  ■trputai  and  rWO' 
Iota,  and  pD»i(iRiiin((  lake*  nf  vnat  oxtant.    Ita  mD 
wiw  covorod  with  liixiiriunt  vngntatinii,  iinii  p 
by  pftluotJierlii,  Knoplothcrifi.  und  other  t*rrt»tri(l 
iiiamniBlini  tlii<  ori)codilo  nnd  tiirtl»  foiiml  ■ 
IN  it*  rimriiht!*  urid  riviira  |  nquiitic  bird*  rVi'T)tinnt«d 
Ita  fniii.  Qtid  Kported  oviir  tliti  Hurfann  of  iti  Iake4| 
wlilli)  myriadji  of  Inxiata  MWiu-mrtd  in  tbn  nir,  nnil 
pnMKrd  throiigli  tlioir  wiindiiri\il  mplmiiorjilioiwii  hi 
tho  watom.     In  a  noighbouring  ro^iot 
ruminanta   tnd    other    liHrblvorn,   of    «pnnlM  I 
fCcnora  now  no  more,  witli  bird*  nnd  rnptilM,  i 
ttiii  iindiaturbrd  ocoiipantR  of  n  country  nbotindl 
in  pnltnii  and  tron-fcrnK,  and  tiKvln)|  rlvara  and  h 
with  gulf*  whinh  tocmi^d  with  tho  inhabitant*  « 
■na  t  and  to  thin  dlitriot  tho  Mary  torntnta  o 
vnlnnno  did  not  extend.    I^iit  to  rrtnm  to  Aiifaq) 
—a  ohanno  came  nvnr  the  nonnn — violent  • 
bunt  forth  from    criitnm  long  cilnnt— tha  ■ 
country  wna  laid    ilmolale — it»  iivlnu  | 
wai  flwept  nwny — idl  wui  one  vnit  wnntn,  and  ■ 
lity  Kucccedcd  to  tlic  former  luxuriance  of  II 
beauty.    Abch  rollorl  by— tlio  niiata  of  the  mmtnU 
nnd  the  ralni,  produced  now  iprlngi,  torrrntl,  I 

•  1'hs  I'lrJi  biiin  li  nbout  ISO  milM  ft 
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— B  fertile  soil  gradually  accumulated 
Mled  lava  currents  and  the  beds  of  scoris, 
lob  the  sediments  of  the  ancient  lakes,  borne 
by  the  streams,  largely  contributed.  Another 
itioQ  sprang  up— the  mammoth  and  mastodon, 
inonuous  deer  and  oxen,  now  ijuietly  browsed 
I  verdant  plains — other  changes  succeeded — 
colossal  forma  of  life  in  their  turn  passed 
and  at  length  the  earlier  races  of  mankind 
lossession  of  a  conntry,  which  had  once  moi 
e  a  scene  of  fertility  and  repose. 
those  who  have  favoured  me  with  their  atten' 
irough  these  discourses,  it  cannot  be  necessary 
Bt  that  the  changes  in  organic  and  inanimate 
,  which  I  have  thus  rapidly  portrayed,  are 
'ted  by  proofs  so  incontrovertible,  and  traced 
plage  so  intelligible,  as  to  constitute  a  body 
dence  with  which  no  human  testimony  can 
te.  It  is  true  that  the  time  required  for  this 
Bion  of  events  must  have  extended  over  tat 
ise  period;  but,  as  I  have  before  remarked, 
nd  change  are  great  only  in  relation  to  the 
Thich  note  them,  and  every  step  we  take  in 
y  shows  the  folly  and  presumption  of  attempt- 
measure  the  operations  of  nature  by  our  own 
pan.  "  There  are  no  minds,"  says  Mr.  Scrope, 
would  for  one  moment  doubt  that  the  God  of 
!  has  existed  from  all  eternity ;  but  there  are 
who  would  reject  as  preposterous,  the  idea 
lil^  baek  the  history  of  Hit  toorln  a  millioa 
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of  years.     Yet  what  is  a  niillion,  or  a  nuUioiLjf 
millions  of  years,  wiien  compared  to  eternitj?"' 

Germany  presents  ua  with  an  interesting  ei 
of  analogous  changes,  effected  in  a  later  era,    Tk  1 
outburst  of  the  now  extinct  volcanoes  of  the  Rliioe)  J 
the  accumulation  of  fluviutile  silt  over  the  plaji 
aud  the  subsequent  elevation  of  the  whole  coun 
show  that  these   physical  mutations  wer 
fined  to  a  single  region  or  period. 

Id  the  Andes,  the  enormous  disruptions  ,| 
elevations  of  the  most  ancient  as  well  as  niM 
deposits,  teach  us,  thitt  through  a  long  laps 
ages,  the  volcanic  fires  of  South  America  hareaoUl  % 
with  intense  energy;  and  yet  more,  that  the  mel^DJ  ' 
and  transmutation  of  loose  materials  into  comput 
rocks,  the  conversioo  of  incoherent  strata  into  tiXni 
stone,  and  even  the  sublimation  of  gold  and  otber 
metals  into  (issures  and  veins,  are  phenomena  which 
have  taken  plaee  since  our  seas  were  peopled  \>f 
moUusca  of  existing  species.  The  importance  of 
these  extraordinary  and  interesting  facts  will  be 
rendered  more  obvious  in  a  subsequent  lecture. 

53.  Concluding  hbmauks. — In  conclusion,  it 
will  be  useful  to  inquire,  even  though  some  repe- 
tition may  be  incurred,  what  are  the  legitimate 
inferences  from  the  facts  that  have  been  placed 
before  us,  as  to  the  condition  of  the  earth  and  iU 
inhabitants  during  the  tertiary  epoch?  Was  there, 
as  some  have  supposed,  an  essential  difference  ill 
*  Oeologj  uf  Central  France 
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le  constitution  of  the  earth? — was  its  surrace  more 
ivered  with  lakes  and  marshes  than  now? — and 
Id  animal  life  more  abound  iii  those  types,  which 
e  suitable  to  a.  lacustrine  condition? — or  have 
ich  conclusions  been  drawn  from  a  partial  view  of 
le  phenomena,  and  do  the  facts  only  warrant  the 
fereoce  that  certain  regions  which  are  now  dry 
lOd  were  in  ancient  times  occupied  by  vast  lakes, 
d  that  there  may  have  existed  contemporaneously 
great  an  extent  of  dry  land  as  at  present,  in  areas 
9w  burted  beneath  the  ocean  ?  In  the  fossilized 
imains  of  the  tertiary  population  of  the  land  and 
ftters,  we  lind  all  the  grand  types  of  the  existing 
linial  creation — terrestrial,  lacustrine,  and  marine 
Jammalia — herbivora,  carnivora,  birds  of  every 
rder,  and  of  numerous  species  and  genera — rep- 
les,  fishes,  Crustacea,  insects,  zoophytes,  and  even 
lose  living  atoms,  the  infusoria* — in  short,  all  the 
uding  divisions,  and  even  sub-divisions  of  animal 
kistence,  In  the  vegetable  ivorld,  as  I  have  already 
kmarked,  the  same  general  analogy  is  maintained. 
Lnd  as  all  these  varied  forms  of  being  required 
byaical  conditions  suitable  to  their  respective  or- 
anizations,  we  have  at  once  conclusive  evidence 
ut  the  general  constitution  of  the  earth,  during 
Bie  tertiary  epoch,  could  not  have  essentially  differed 
from  the  present.     Dry  land  and  water,  continents 

L;  ■  In  teitiKiy  strata  the  remaitiaarbciDgB  of  which  thousanils 
frf  millions  would  occupy  but  a  cubic  inch  hsvB  been  diacOTerecl. 
fffbej  wil]  be  ducribed  bcieafter.  , 
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and  islands,  existed  then,  as  now, — their  geogn-  I 
phical  distribution  may  liave  varied,  ■ 
perature  in  certain  latitudes  may  have  been  muoli  1 
higher, — eouatries  may  Lave  existed  i 
covered  by  water,  and  marshes  and  fens  have  pn>  I 
vailed  in  regions  now  arid  and  waste ;  but  the  m 
agents  of  destruction  and  of  renovation  were  tbOi 
as  now,  in  constant  activity.  It  is  true  that  itn. 
numbers  of  large  mammalia  lie  buried  in  n 
where  it  is  utterly  impossible  such  creatures  OOoU 
now  find  subsistence,  and  in  latitudes  whose  climita 
are  unsuitable  to  such  forms  of  organization.  1 
Bome  of  these  a[)parent  anomalies  may  be  esfdait 
by  the  fact,  that  the  alluvial  beds  in  which  th 
remains  occur  cannot  have  been  the  sites  of  the  drf 
land  on  which  these  lost  beings  existed ;  they  are 
the  sediments  of  ancient  lakes — the  deltas  of  former 
rivers — the  estuaries  of  seas — they  are  fonned  of 
the  detritus  of  the  land  transported  from  a  distance 
if  the  Gulf-stream  annually  strews  the  shores  of  the 
Hebrides  with  the  fruitsof  torrid  climes,  the  currenti 
of  the  ancient  seas  must  have  produced  analogous 
results;  and  in  our  attempt  to  interpret  past  changes^ 
it  mnst  not  be  forgotten  that  they  have  most  pro- 
bably been  produced  by  causes  similar  to  those 
which  are  still  in  action.  I  do  not  question  the 
assumption  that  the  countries  containing  these  fossil 
remains  may  have  enjoyed  a  milder  climate  during 
the  tertiary  epoch  than  at  present ;  or  that  iu  still 
more  ancient  periods  there  may  not  have  prereiled 
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U  over  the  world  a  much  higher  temperature  than 

iinr,  dependeot  on  tlie  iaternal  coadition  of  our 

[itDet,     But  it  appears  to  me  tliat  the  varialiou  of 

Hmate  which  a  change  in  the  distributioD  of  the 

bd  and  water  would  ofcasion,   as  suggested  by 

§r.  Lyell,* — and  a  difference  in  the  radiation  of 

itet  from  internal  sources,  as   explained  by  Sir 

F.  Herschel  and  Mr.  Bab h age  (page  97),— may  ac- 

{bont  for  the  phenomena  which  our  examinatioD  of 

be  tertiary  formation  has  revealed. 

I  "Tilie  occurrence  of  groups  of  animals  of  the  same 

iBBiliea,  iu  certain  districts,  is  in  strict  conformity 

ftth  the  distribution  of  living  species,  in  regions 

lit  Dnder  the  control  of  man.     Thus  when  ancient 

Avnoe  presented  a  system  of  lakes,  animals  fitted 

ftr  such  physical  conditions  found  there  the  means 

(if  Subsistence— -when  the  vast  plains  and  forests  of 

i  ^imericai  were  adapted  for  colossal  mammalia,  there 

I  the  maatodon  and  the  mammoth  obtained  food  and 

'•itelter — and  when  the  former  continent  of  Europe 

•warmed  with  herbivora,  the  carnivorous  tribes,  as 

Itfte  lioa  and  the  tiger,  the  bear  and  the  hyena,  ob- 

iBi&ed  the  support  which  their  habits  and  economy 

jfequired. 

I  One  striking  feature  in  the  events  that  have 
iB&ased  in  review  before  us,  is  t!ie  immense  scale  on 
|»Jiicb  the  eitinction  of  species  and  genera  has  been 
.effected  :  but  it  must  be  remembered  that  our 
'  ojwervations  have  extended  over  a  period  of  vast 
!<  of  Geology,  vol.  i,  chap.  viL 
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duration,  and  that  we  therefore  Imvc  leen  tlie 
aggregate  efTccts  of  a  law,  which  eren  before  ov 
eyes  w  producing  great  and  important  modificatioDi 
in  the  sfstem  of  animated  nature. 

Thus  the  tertiary  epoch  displays  to  U9  a  Etateaf 
tlie  globe  replete  with  life  and  happiness :  the  pbj'' 
aical  constitution  of  the  earth's  surface  being  IheDf 
as  now,  admirably  adapted  to  the  habits  and  econonf 
of  the  beings  it  was  designed  to  support.  In  the 
most  ancient  periods,  forms  of  life  prevailed  whid 
gradually  became  extinct,  and  were  succeeded  bj 
others  which  in  their  turn  also  pasaed  away;  int 
if  we  trace  the  varying  types  of  being  ftom  Ut 
earliest  ages,  we  perceive  a  gradual  approach  l» 
the  preitent  canditiou  of  organic  existence  i  l!it 
grand  line  of  separation  between  the  present  ami 
the  past  being  the  creation  of  the  human  nw. 
From  that  period,  in  proportion  as  man  lias  ex- 
tended his  dominion  over  the  earth,  many  races  of 
animals  have  been  either  exterminated,  or  inodifieil 
by  his  caprices  or  necessities ;  and  it  cannot  be 
doubted,  that  in  the  lapse  of  a  few  thousand  yean, 
a  total  change  will  have  been  effected  by  hmnan 
agency  alone,  in  the  geographical  distribution  tncl 
in  the  relative  numerical  proportion  of  the  eidil 
genera  and  species, 
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LECTURE  IV. 

lilnfnduetoiy  remarlut.    2.  Secondary  formations.    3.  The  chalk  fat' 

•  .naUoK,  4.  ChaXk  and  flint.  5.  Flint  nodules.  6.  Orgaak  remains 
in  flint.    7.  Sulphuret  of  iron.    8.  Msestricht  beds.    9.  St.  Peter's 

«  momitain.  10.  Mosiesaurus  of  Msestricht.  11.  Lower  group  of  the 
chalk.     12.  Organic  remains  of  the  chalk.     13.  Fossil  vegetables. 

•  14.  Fossil  zoophytes.  15.  Radlaria  and  crinoidea.  16.  Eehinites. 
»  17..  Slielb  of  the  chalk.  18.  Cephal<qK>da.  19.  The  belemnite.  20. 
,.  The  nautilus.    21.  The  ammonite,  or  cornu  ammonis.    22.  Turrilite, 

hsmftet  fte.  23.  Spirolinites.  24.  InfUsoria  in  flint.  25.  Crustacea 
tt  the  ehalk.  26.  Fishes  of  the  chalk— sharks.  27.  Fossil  salmon, 
or  smelt.  28.  Macropoma,  and  other  fishes  of  the  chalk.  29.  Reptiles 
of  the  chalk.  30.  Review  of  the  chalic  formation.  31.  Geology  of  the 
MUth>eaat  of  England.  32.  Geological  phenomena  between  London 
and  Brighton.  83.  The  wealden.  34.  Wealden  of  the  Sussex  coast. 
S5.  Founeeford.  36.  Sub-division,  and  extent  of  the  wealden.  37. 
Quarries  of  Tilgate  forest.  38.  Rippled  sandstone.  39.  Wealden  of 
the  Isle  of  Wight.  40.  Isle  of  Purbeck.  41.  Petrified  forest  of  the 
Ue  of  Portland.  42.  Modem  submerged  forest.  43.  Fossils  of  the 
wealden.  44.  Fossil  vegetables — ferns.  45.  Clathraria  and  endo- 
genites.     46.  Seed-vessels.     47.  Fossil  shells.     48.  Sussex  marble. 

'  40.  Fossil  oypris.  50.  Fishes.  51.  Reptiles  of  Tilgate  forest.  52. 
Fossil  turtles.  53.  Fossil  crocodiles.  54.  The  Swanage  crocodile. 
55.  The  plesiosaunis.     56.  The  megalosaurus.     57.  The  iguanodon. 

'  I  58.  The  Maidstone  iguanodon.  59.  Size  of  the  iguanodon.  60.  The 
faylseosaurus.    61.  Flying  reptiles.   62.  Fossil  birds.    63.  The  country 

•  of  the  iguanodon.  64.  Sequence  of  geological  changes.  65.  Retro- 
spect of  geological  mutations. 

I.  Introductory  remarks. — The  knowledge  we 
lave  acquired  from  our  investigation  of  the  pheno- 
nena  described  in  the  previous  lectures,  will  mate-^ 
•ially  facilitate  our  geological  progress,  by  enabling 
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U  comprebend    the   former    effects    of   thme 

aea,  by  which  the  surface  of  the  earth  bn 
u  renovated  and  maintained, 
rhe  eievatioij  of  the  bede  of  seas  and  rivers,  amJ 
eir  coDveraion  into  fertile  countries- — the  submef- 
.Dce  of  islands  and  continents  beneath  the  wHtm 
lie  ocean^the  rapid  fonnatioa  of  CDDglomeratN 
iium  shells  and  corals  on  f-e  sea  shore — ^the  accn- 
mulatioQ  of  beach  and  gravel,  and  the  inhuiuadoD 
of  aniuiaU  and  vegetables — the  slow  depositioD  o( 
sediment  by  lakes  and  rivers — the  imbedding  of  in- 
numerable generations  of  insects,  and  the  formalion 
of  limestone  from  their  almost  invisible  skeletona— 
the  construction  of  solid  stone  out  of  fragments  of 
bones,  and  rocks,  shivered  by  earthquakes  —  the 
engulfing,  in  estuaries  and  inland  seas,  of  land 
animals,  birds,  and  reptiles — the  consolidation  of 
both  organic  and  inorganic  substances  into  rock, 
by  the  infiltration  of  flint  and  iime  by  thermal 
waters — the  transmutation  of  submerged  forests 
into  coal  and  lignite — the  destructive  and  conser- 
vative effects  of  volcanic  eruptions — the  conversion 
of  sand,  gravel,  and  clay,  into  homogeneous  masses 
by  heat,  and  even  the  production  of  metallifepoos 
veins  of  gold  and  silver — all  these  phenomena  have 
passed  in  review  before  us,  although  our  inquiries 
have  extended  through  periods  which,  however  vast 
and  remote  in  relation  to  the  records  of  our  race, 
are  but  brief  and  modern  in  the  physical  history  of 
the  earth. 
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The  geological  events  previously  described,  al- 
lOugb  fbrmiiig  a  connected  series,  may  be  divided 
to  periods,  each  of  whicli  is  marked  by  certain 
kcrfogical  cliaracteVs ;  namely,  Ist.  Tlie  modem,  or 
epoch;  3d.  the  elephantine-,  eharaclcrii^d  by 
preponderance  of  large  pachydermota ;  Sd.  the 
)iilaUherian,  in  which  animals  allied  to  the  tapir 
•ailed,  and  Europe  presented  a  system  of  gulfs 
lakes. 

,  Secondarv  POR^fATIoHS. — I  hasten  to  the 
tonsideration  of  another  and  antecedent  geological 
^)och,  —  that  which  comprehends  the  Secondary 
Pomiationa.  Hitherto  our  attention  has  been  prtn- 
Wpdly  directed  to  deposits  cootined  within  com- 
atively  kmited  area-i,  as  the  basins  of  lakes, 
fs,  estuaries,  and  inland  seas  ;  and  accumulations 
drifted  materials  produced  by  the  action  of 
tIbrrentA,  rivers,  and  inundations.  We  have  now 
vrived  on  the  shores  of  that  ocean,  of  whose 
l^ils  the  exiHting  islands  and  continents  are  prin- 
.KipxUy  composed  ;  the  fathomless  depths  of  the 
tuieieat  seas  are  spread  before  us,  and  the  myriads 
«f  beings  which  sported  in  their  waters,  and  lived 
and  died  in  those  profound  abysses,  remain,  like 
^le  mummies  of  ancient  Kgypt,  the  silent  yet  elo- 
iqnent  teachers  of  their  own  eventful  history. 
*'  A  reference  to  the  Tabular  Arrangement  of  the 
fitrata  (Plate  VII.  and  page  194)  will  show  that 
the  secondary  formations  constitute  nine  principal 
I  *ub(ii visions,    forming    four    natural    groups,   viz. 
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the  cretaceous,  oolitic,  aaliferout,  and  cmionifemt 
systeme,  each  containing  littoral,  marioe,  ud 
oceanic  deposits;  sandstones  having  been  formal 
amidst  the  agitated  waters  of  the  sea,  shores,  dij) 
in  tranquil  bays  and  gulfs,  and  limestones  in  deef 
water.  I  purpose,  in  the  present  discourse,  to  h- 
plain  the  geological  characters  of  the  first  two  vi 
the  series,  namely,  the  Chalk  and  the  Wealdes,* 
The  former  is  composed  of  rocks  that  have  bea 
accumulated  in  the  depths  of  a  sea  of  great  extoti 
the  latter,  of  the  sediments  of  a  vast  delta;  At 
one  affording  a  striking  illustration  of  the  natnieof 
oceanic,  and  the  other  of  Jiuviatile  deposits. 

In  the  diagram  (Plate  VII.)  the  wealdcn  (3*)  a 
represented  as  an  Intercalation  between  the  cbRll: 
and  the  oolite  (3,  4),  because  it  is  of  limited  ex- 
tent, and  where  absent,  as  in  the  midland  counties  of 
England  and  on  the  continent,  the  chalk  Lea  upon 
the  oolite,  as  will  be  shown  in  the  next  lecture.  As 
both  the  chalk  and  the  wealden  are  fully  developeil 
in  the  south-east  of  England,  the  phenomena  about 
to  be  described  may  be  examined  with  but  little 
inconvenience;  and  an  extensive  collection  of  the 
peculiar  fossils  of  these  formations  may  be  seen  ui 
my  museum.f 

■  The  term  Weald  is  deriyed  from  the  Genaan  Wald.  a  wW 
or  foreat  The  Weald  of  Sussex  wsa  fonnerly  an  impeDelnUe 
fotest,  called  Jnderida  by  the  lUiuuiB,  and  JiidridtiBaid  ^ 
the  Saxons. 

f  Now  in  the  British  Museum.  See  Deacripiive  Catalogfuc 
of  the  Muitellian  MuKum,  Svo.  fifth  edition. 
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3.  The  cirALK  formatjok. — The  pure  white 
uestoae,  called  chalk,  is  kaown  to  every  one ;  but 
\  the  nomenclature  of  geology,  the  name  is  applied 
I  s  group  of  deposits  very  dissimilar  in  their  litho- 

pgieal  composition,  but  agreeing  in  the  aature  of 
oi^anic  remains  which  they  contain,  and  evi- 
itly  referable  to  the  same  geological  epoch.  The 
Imea  essentially  consists  of  greeu  aud  ferruginous 
puids,  clays,  marls,  and  grey  and  white  limestones, 
■bounding  in  marine  remains.  With  this  espla- 
Ution  it  will  be  convenient  to  employ  the  term  in 
tin  extended  sense.  The  chalk  i'ormation  comprises 
the  following  subdivisions : — 

1.  Upper  chalk,  willi  flints  .  .  .  >  Croie  ilanchi  of  the 
i.  Lower  chalk,  without  flinta  ,  .  J  French  geologists. 
S.  Challc  marl CyaU  lufiaa. 

4.  Firestone,  maim-rock,  upper  gieeu  )  ^^^^^.^  ^^^^^^^^ 

land,  or  glauconile     .     .     .     .      ) 
|||i' j.  OBlt,ot  Folkstonemul   .... 

L  Shanklin,  or  lower  greea  Band    .     .    Claucmie  sabieute. 

ITbe  chalk  is  generally  white,  but  in  some  countries 
.1  ii>  of  a  deep  red,  and  in  others  of  a  yellow  colour  ; 
Ji'Aodules  and  veins  of  flint  occur  in  the  upper, 
"sinit  seldom  in  the  lower  chalk.  The  marl  is  an 
lai^illaceous  limestone,  which  generally  prevails 
, beneath  the  white  cbalk  ;  it  sometimes  contains  a 
^}arge  intermixture  of  green  sand,  and  then  is  called 
ifirtstonej  or  glauconile.  The  gait  is  a  stiff,  blue  or 
I  ^lack  clay,  abounding  in  shells,  which  frequently 
^possess  a  pearly  lustre.  The  Shanklm,  or  lower 
ffreen  sand,  is  a  triple  alternation  of  sands  and  sand- 
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stone  vitli  clays;  beds  of  chert  and  fuller's  eartt 
are  also  found  in  some  localities. 

On  the  continent,  the  series  of  deposits  ben 
enumerated  is  largely  developed,  and  taken  u>t 
whole,  the  chalk  formation  may  be  deeeribd  U 
extending  over  n  great  part  of  the  British  Isludh 
Northern  France,  Germany,  Denmark,  tiwedtB^ 
European  and  Asiatic  Russia,  and  of  the  Uaileil 
States  of  North  America.  Over  this  vast  exlanb 
the  organic  remains  present  certain  general  ohl^ 
racters,  sutliciently  obvious  to  determine  the  natui 
of  the  formation.  Whether  imbedded  in  pure  wfaiU 
limestone,  coarse  sandstone,  blue  clay,  loose  sand, 
or  compact  rock,  the  fossils  consist  of  the  sauu 
species  of  shells,  corals,  sponges,  echinites,  belen- 
nites,  ammonites,  and  other  marine  cxuviee  ;  fislwi 
reptiles,  wood,  and  plants.  The  strata  are  bokUf 
displayed  along  the  Hampshire,  Sussex,  and  KeatU 
coasts  ;  the  precipitous  headland  of  Beachf  Head, 
and  the  cHlfs  at  Dover  are  well  known ;  thcM 
natural  sections  exhibit  the  manner  in  which  ^ 
beds  have  been  disrupted,  and  thrown  into  variotM 
inclined  positions  (see  PI.  9,  fig.  1).  At  Devizes,  in 
Wiltshire,  the  strata  lie  nearly  horizontal,  and  in  Um 
following  order:— 1.  White  chalk.  2.  Glauconite. 
3.  Gait,     'i,  Shanklin  Sands  (see  PI.  9,  fig.  2>. 

4.    Chalk    and    flint.*— The   u-/iile  pfiatk  \i 

•  S(^c  The  FoiBila  o(  the  South  Duwns,  or,  tlluslratiom 
Ihc  Oiology  of  SuiMi,  1  vol.  41o.  wilh  42  plilea.      Gcologf  tl 
die  South-Eut  or  Eagluid,  1  voL  8tu.    t)i.  Siltma't  Mmmin 
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bomposed  of  lime  and  carbonic  acid,  and  may  have 
Ken  precipitated  rrom  water  lioljing  lime  in  boIu- 
from  which  an  excess  of  carbonic  acid  was 
txpelled.  But  a  large  proportiua  of  the  purest 
Atik  appears  to  be  in  great  part,  if  not  wholly, 
Bomposed  of  the  remains  of  corals  and  shells,  and 
tk  eome  quarries  whole  layers  are  formed  of  tjie 
of  star-tish  and  other  radiaria,  with  micro- 
JWpic  species  of  polyparia  and  shells.*  Tlie  nodules 
:d  veins  of  fiint  which  occur  in  the  chalk,  show  that 
Iter  holding  silex  in  solution  must  have  been  very 
ibBodant  during  the  cretaceous  period.  The  power 
^possessed  by  thermal  waters  of  dissolving  silicious 
'teth,  depositing  flint,  and  occasioning  the  sijicifi- 
4Btion  of  vegetable  substances,  is  strikingly  exem- 
ipified  in  the  Geyaera  of  Iceland,  as  I  have  already 
Ibtplained  (p.  83).  The  perfect  fluidity  of  the  silex 
ikefore  consolidation,  is  shown  by  the  sharp  impres- 
iloDS  which  the  flints  bear  of  shells  and  other  marine 
bodies  ;  and  upon  breaking  the  nodules,  zoophytes, 
triated  to  sponges  and  alcyonia,  with  other  organic 
flemains,  are  found  enveloped ;  the  silicious  matter 
^ving  so  penetrated  the  delicate  structure  of  the 
ijBriginals,  that  polished  sections  display  the  most 
^l|tinute  organization  of  the  inclosed  bodies. 
!i   5.  Flint  NODDLES. — Flints,  or  silicious  nodules, 

hanUin,  oc  Green  Sands,  in  which  m»n;  of  llie  faasili 
iCifliUr  delineated;   Geological  TionsaclJons,  vol.  iv. 

wSnies. 

^  Ut,  Lonsdale, 
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In  the  chalk  in  horiaoata]  rows,  which  preamt 

degree  of  regularity,  but  are  placed  at  uneqiul 

•Mces  from  each  other.     This  arrangement  baa 

'Sbly  arisea  from  the  chalk  and   flint  ha?iGg 

held  in  auspengion  or  solution  in   the  same 

ind  precipitated  into  the  basin  of  the  oeemi 

consolidation  took  place,  the  silicious  molecules 

■■arated  from  the  cretaceous,  on  the  well-koDirD 

iciplea  of  chemical  affinity ;    the  apongea  and 

other  zoophytes  acting  as  nuclei  or  centres,  around 

which  the  ailicious  matter  coagulated.     This  pto- 

ffisa  receives  illustration  from  the  fact,  that  whea 

fferent  substances  in  a  state  of  extreme  dirisioi 

ire  mixed  together,  they  have  a  tendency  to  aepa- 

rate,  and   re-arrange   themselves  in    maBses  more 

nearly  homogeneous ;   thus  in  the  materials  pra- 

p&red  in  the  potteries,  a  separation  of  pounded  flint 

from  aluminous  earth  takea  place,  and  eilicaonaiOM- 

cretiona  are  formed,  if  the  mixture  be  not  oonstaody 

agitated.     The  marked  stratification  of  the  dwlk 

shows  that  it  was  deposited  periodically ;  and  It  il 

not  unusual  to  find  veins  of  flint  nmning  through 

and  filling  up  crevices  in  the  strata  beneath-;  an 

appearance  that  can  only  be  attributed  to  the  iawei 

beds  having  been  consolidated,  and  sabsequBBtlj 

fissured,  before  the  superincnmbent  slratam  >wai 

precipitated. 

6.  Organic  bemaims  is  flimt. — Ths  oignie 
remains  which  usually  occur  in  the  ohalk'AHf  alM 
found  in  the  fiints;  but  certain  fossflt  )sv«nd>ntf 
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ire  ftbuDdantly  than  others  ;   a  circumstance  in 
probability  attributable  to  tlie  constituent  Eub- 
tnce  of  the  original  having  been  favourable  to 
a  process  of  si! icifi cation.     The  softer  zoophytes, 
the  alcyonia,  spongia;,  &c.  absolutely  swarm  in 
e   flints ;    and   infusoria  arc    equally    abundant. 
■faes  ftre  occasionally  found  enveloped  In  a  flint 
dule;  and  their  minute  scales  have  been  detected 
^  Mr.  Aeade  with  the  aid  uf  the  microscope,  in 
llniMt  every  fragment  of  flint.     Wood  which  baa 
been  perforated  by  lithodomi,  and  silicified,  is  not 
;  and  conferva  and  fuci  are  sometimes  found 
|o*tii>g>  as  it  were,  in  the  liquid  silex.     Bones  of 
:ptilefl  and  fishes  are  often  impacted  in  a  mass  of 
iuti  but  io  no  instance  that  I  have  observed  has 
le  silex  permeated  the  osseous  structure.    When 
Kmlfl,  echini,  shells,  &c<  are  imbedded,  the  sub- 
ice  of  the   fossils   is   calcareous,   not    silicious ; 
ley  ^pear  to  be  simply  enveloped  by  a  silicious 
ite,  which  had  not  the  power  of  penetrating  the 
iterstices,  nor  of  producing  any  cbemical  change. 
7.  SuLPHURET  OF  iRON.^Iron  pyrites  is  the 
ily  metalliferous  ore  that  occurs  abundantly  in  the 
ilk  of  England,     The  large  nodular  masses  that 
found  on  the  Downs  and  in  the  ploughed  fields, 
commonly  termed  thunderbolts.     This  mineral 
sometimes    forms    groups   of   octahedral    crystals 
(ijof  great  elegance  and  regularity,  and  frequently 
kiDccupies  the  cavities  of  shells  and  echini ;  terebra- 

Kpecteos  also  occasionally  occur  in  masses 
■ 


uf  thii  substance.  The  bonoi  and  wiUm  of  tli 
tiibm  are  invariably  caloured  with  a  ferrugioofl 
stain,  Bribing  from  a  uurioua  chemical  proc6M|  lri| 
phuretted  hydroj^en  was  evolved  during  the  paM 
fitotion  of  tlic  animal  substance,  but  the  sulpbHl 
entering  into  combination  with  the  irun  cautiioai 
in  the  surrouuding  water,  siilphuret  of  iron  Ml 
t'urmed,  and  hence  the  (oeaW  fiishes  derived  tJiBiUi 
colour  which  so  beautifully  coutrasta  with  the  triik^ 
chalk  in  which  they  arc  imbedded. 

8.  MAERTBicitT  sttDS. — I  have  dedcrlbed  thi 
usual  lithological  characters  of  the  cretaoeoua.sl 
and  if  our  observations  were  restricted  to  tbeM  it- 
posits  as  they  occur  in  England,  the  differenee 
between  the  uppermost  teeondary  furmation  ■ 
tlie  superimposed  lertiari/  would  be  moat  Btrikin|ft 
both  as  regards  the  nature  of  the  rocka  and  tfadt 
organic  remains.  But,  as  J  shall  herearcer  esfdilv 
the  white  chalk  of  England  appears  to  have  hem 
formed  in  the  profound  depths  of  the  sea,  for  m 
have  rarely  any  intermixture  of  terrestrial  or  llttoriil 
productions ;  even  pebbles  are  of  unfpequent  oeooBl 
renoe.  At  Castle  Hill,  near  Newhaven  (p.  398)11 
and  at  Alum  Bay,  in  the  Isle  of  Wight  (p.  ; 
the  cerit/iia  {Tab.  38,  fig.  4),  turritnllte,  and  otlM 
tertiary  shelln,  abound  in  the  sand  and  elajr  ■] 
over  the  surface  of  the  chalk,  in  which  no  simlU 
shells  can  be  detected.  On  the  continent,  hftVl 
ever,  there  exist  deposits  which  form,  aa  It  wtn,  < 
link  between  the  tertiary  and  the  seoondapfv   > 
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the  valley  of  the  Meuse  there  is  a  fine  series  of 
8trata»  the :  uppermost  of  which  contaiDS  mapy 
genera  of  sh^s  that  are  plentiful  in  the  tertiary, 
and  passing  imperceptibly  into  limestone  with  cre- 
taoeoufl  fossils  and  flint  nodules,  is  finally  lost  in 
the  «faalk.  At  Gosau,  in  the  Eastern  Alps,  beds 
occur  which  appear  to  belong  to  the  same  interme- 
diate era;  and  in  the  United  States,  the  researches 
of  Dr.  Morton  have  proved  the  existence  of  analo« 
gous  deposits. 

9*  Sx*  Pjeter's  Mountain,  near  Maestricht. 
- — The  quarries  of  St.  Peter's  Mountain  have  long 
been  celebrated  for  their  remarkable  fossils;  but 
the  true! geological  characters  of  the  strata  were 
first  determined  by  Dr.  Fitton.  St  Peter's  Moun- 
tain, in  which  the  quarries  are  situated,  is  a  cape 
or  headland  between  the  Meufe  and  the  Jaar,  and 
forms  the  extremity  of  a  range  of  hills  which  boupds 
the  western  side  of  the  valley  of  the  Meuse.  The 
mountain  commences  at  the  distance  of  a  mile 
south  of  Maestricht,  and  extends  in  a  direction 
towards  Liege  for  about  three  leagues ;  it  presents 
an  almost  perpendicular  escarpment  towards  the 
river.  A  section  of  the  hiUs  affords  the  following 
succession  of  strata : — 

!•  Lowermost :  white  chalk,  with  layers  of  flint 
nodules. 

2.  Chalk  very  hard  and  gritty. 

3.  Calcareous  freestone  of  a  yellow  fawn  colour, 
abounding  in-  fossils.      Numerous  layens  pf  flint 
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occur  througbout  tlie  entire  lertea,  and  pteMnlttl 
usual   clmractere   or  the  ailicioutt   nodule*  of  A 
chalk  formation.     The  Maeatricht  frentoDS  il •  I 
extremely  boFl  in  the  <|Uikrrf,  that  it  may  euilfbll 
Cut  with  a  knife,  but  it  becomes  harder  and  at  i| 
lighter  colour  by  expoNure  to  the  nir.*     Tht  b 
of  limentone  have  a  total  tliicknoHii  of  a 
ftiet.     Excavations  have  for  centuries  been  fl 
on  in  the  strata  of  freestane,  and  from  die  |l 
(|uantitieg  of  stone  removed,  KXlenai' 
galleries  now  traverse  the  heart  of  the  raoooSd 
.ShellB,  corttis,  Crustacea,  teeth  of  tliihefl,  a 
marine  remains,  occur  in    prot'uaio 
perforated  by  litliodomi,  and  the  bonei  of  ■  Itift 
and  very  remarkable  reptile. 

10.  The  MoB^sAUHUii ;  on  fossil  HitrTii.K<<F 
Maastricht. —  The  bones  and  teeth  of  an  un- 
known animal  which  were  occasionally  found  in 
the  limestone,  had  long  Mince  directed  the  atteiitloii 
of  naturalirtta  to  the  quarries  of  St.  Peter's  Moun- 
tain. In  1770  M.  Hoffmann,  who  won  forming  t 
oollection  of  organic  remains,  had  the  good  fortune 

*  TIio  Hviilit}'  of  collcctoiB  hu  induced  Ibo  qiurrymcn  ^ 
pnctiii  an  ingenious  friud  upon  atrnngcin:  teetli  and  bonMof 
the  horse,  bosr,  fee.  are  carcfullj  Imbcdilfd  in  Iifook*  of  Ak 
llniHUino  whiU  It  ii  lolli  nnd  whsn  lh«  ilont  b«BomM  k«il- 
the  ■ppGiment  ■»  ofleied  fur  ulc  u  genuine  fouiU  bwu  Uw 
quirrlei,  The  deception  insy  bo  detsfltcd  by  inuucralog  lb 
■pflclmeni  in  voter. 

f  Bee  Hilt.  Vm.  do  Is  Montage  de  St.  mem,  hj 
St.  Fond,  I  vol.  4ln.  with  aplcndid  eiigikvingi. 


i 
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to  discovM  a  specimen,  which  has  conferred  addi- 
tional interest  on  this  locality  ;  some  workmen,  on 
blasting  the  rock  in  one  of  the  caverns  of  the 
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interior  of  the  mountain,  perceived,  to  their  asto- 
nishment, the  Jaws  of  an  enormous  animal  attached 
to  the  roof  of  the  chasm.  The  discovery  was 
immediately  mode  known  to  M.  Hofiinimn,  who 
repaired  to  the  spot,  and  for  weeks  presided  over 
the  arduous  task  of  separating  from  the  rock  the 
mass  of  stone  containing  the  remains.  His  labours 
were  at  length  repaid  by  the  successful  extrlcatwn 
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of  the  specimen,  which  he  conveyed  in  trluin{tU 
his  house.  Unfortunately,  the  canon  of  the 
Arai,  which  Bt&nda  on  t)ie  mouMtaiu,  claimed 
foMsil  in  right  of  being  lord  of  the 
ceedcd,  by  a  most  unjust  and  expensive  law-auJt^l 
obtaining  this  precious  relic  (Tikb.  47)>  It  rem&inrf 
in  his  possession  for  years,  and  HoETmann  died  with- 
out regaining  his  treasure,  or  receiving  any  cos- 
pensation.  The  French  Revolution  broke  out,  and 
the  armies  of  the  Uepublic  advanced  to  the  gtM* 
of  Maeatricht ;  the  town  was  bombarded,  but  by 
desire  of  the  committee  of  savans,  who  accompanieil 
tlie  French  troops,  the  artillery  was  not  i 
to  play  on  that  part  of  the  city  in  which  th 
brated  fossil  was  known  to  be  contained.  In  ' 
meanwhile  the  canon,  shrewdly  suspecting 
such  peculiar  favour  was  shown  to  hia  residf 
concealed  the  specimen  in  a  secret  vault 
the  city  was  taken,  the  French  authorities  oompeU«i) 
him  to  give,  up  hia  ill-gotten  prize,  which  was  im- 
mediately transmitted  to  the  Jardin  dea  PlanUa,  U 
Paris,  where  it  still  forms  one  of  the  moat  striking 
objects  in  that  magnificent  collection.  It  is  but 
just  to  add,  that  the  relatives  of  Hoffmann  weni 
rewarded  by  the  French  commissioners.  The  model 
of  this  specimen  in  my  museum  was  prcBent«d  to 
me  by  Baron  Cuvier  ;  it  consists  of  the  jaws,  teeth, 
palate-bone,  vertebrse,  and  os  quadratum,  a  bans 
possessed  by  some  reptiles,  and  in  which  the  audi* 
tory  cells  are  contained.    There  are  portions  of  jam 
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with  teeth  of  the  moeaesauras  in  the  British  Museam. 
The  original  was  a  reptile,  holding  an  intermediate 
place  between  the  monitor  and  iguana^  about  twenty- 
five  feet  long,  and  furnished  with  a  tail  of  such 
construction  as  must  have  rendered  it  a  powerful 
oar,  enabling  the  animal  to  stem  the  waves  of  the 
ocean,  of  which  Cuvier  supposes  it  to  have  been  an 
inhabitant.  The  vertebrae  before  you  belong  to  the 
mossesaurus,  and  were  discovered  in  a  chalk  quarry 
near  Lewes.*  A  remarkable  specimen  was  found 
a  short  time  since  in  the  chalk  of  Kemp-town  ;  it 
is  a  vertebra  of  the  tail,  partially  invested  with 
flint,  which  has  consolidated  around  it  without  ob- 
scuring its  essential  characters.  These  teeth,  from 
North  America,  collected  by  Dr.  Morton,  appear 
to  belong  to  the  same  species  as  those  from  Maes- 
tricht,  and  additional  proof  is  thus  afforded  of  the 
original  extension  of  the  ocean  of  the  chalk  over 
the  area  now  occupied  by  the  Atlantic. 

11,  Lower  group  of  the  chalk  formation. 
— The  lower  division  of  the  chalk  formation  com* 
prises  the  marl,  glauconite,  gait,  and  Shanklin  sands 
(see  page  291);  and  these  deposits  are  constant  in 
their  character  and  position  in  the  south-east  of 
England.  Near  Southbourn,  on  the  Sussex  coast, 
the  marl,  gait,  and  Shanklin  sand,  may  be  seen  rising 
in  succession  on  the  north  of  the  South  Downs;  while 
on  the  coast  of  Kent,  the  same  group  emei^es  from 
beneath  the  chalk  on  the  south  side  of  the  North 
*  Geology  of  the  South-East  of  England,  p.  146^ 
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Dawns  (see  Plate  IX,  fig.  IJ.  The  relative  positioo 
of  these  beds  h  weU  displayed  at  Copt  Point,  near 
Folkstone  ;  the  gait  constitutes  the  immediate  face 
of  the  cliff)  ajid  reposes  od  the  Shanklin  saad,  wluch 
fiomis  the  base  (Tab.  48).  Eastware  Bay  is  tek- 
brated  for  the  abundance  of  gait  fossils,  which  an 
coQStaDtl;  beiug  washed  out  of  the  mari  by  the 
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action  of  the  sea.  The  series  may  be  traeod  with 
more  or  less  distinctness  around  the  denudation  of 
the  wealden,  encircling  the  fresh-water  strata.  The 
Inwermast  member,  the  Shanklin  sand,  rises  int* 
more  importance  towards  the  west,  and  in  Surr^, 
Hampshire,  and  western  Sussex,  forms  a  line  tt 
bold  hills,  which  run  parallel  with  the  chalk  downs, 
and  rival  them  in  altitude ;  a  valley  of  gait  gesersUf 
intervenes  between  the  sand  and  chalk,  m  at  Bci^ 
gate  (Plate IX.  J.)  The ShanUinsaiidustUfdiviM 
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IF 
illo  three  groups.  1  be  uppermost,  which  is  almost 
lOO  feet  in  thickness,  coTiaista  of  red,  green,  white, 
BTey,  and  yellow  sftod,  with  concretions  of  chert 
Md  chalcedony,  which,  in  the  Blackdown  hilla  of 
Deronshire,  contain  immense  niimberB  of  eilictfied 
■bells.  The  beds  of  the  second  group  have  a  large 
admixture  of  clay  and  oxide  of  iron,  and  are  so 
rcteatire,  that  pools  of  water  are  numerous  in  the 
tracts  they  occupy,  and  springs  burst  forth  at  their 
junction  with  the  superincumbent  sand.  The  lower- 
■uost  division  abounds  in  green  and  grey  sands,  ajid 
contains  numerous  concretionary  masses  and  beds 
of  the  grey  arenaceous  limestone,  well  known  as 
the  ■'  Kentish  rag."  At  Shanklin  Chine,  in  the  Isle 
of  Wight,  these  beds  form  the  most  characteristic 
feature  of  that  picturesque  spot,  from  whence  the 
name  of  the  strata  is  derived.  In  the  north-eaat  of 
Ireland,  the  Shanklin  sand  constitutes  an  important 
feature.  On  the  continent  it  is  found  accompanying 
the  upper  members  of  the  chalk  formation,  and  Ib 
well  displayed  in  Saxony,  and  along  the  Alps  and 
the  Carpathian  mountains.  In  North  America, 
arenaceous  strata  appear  to  be  the  equivalent  of  the 
chalk  of  Europe,  for  they  abound  in  the  usual 
cretaceous  fossils,  as  ammonites,  nautili,  hamites, 
scaphites,  belemnites,  echinites,  &c. 

12.  Organic  remains  of  the  chalk.— The 
fogsib  of  the  chalk  are  very  numerous,  and  com- 
prise all  the  usual  forms  of  marine  animals,  witli  the 
exception  of  cetacea.    Particular  genera  and  species 


appear,  however,  to  be  reatrieted  to>^m[ft|0i^iVl^ 
diViiioiui  of  the  formation.  Thus  inihawMte^Ml, 
there  are  man j  •peoiea  of  aheUa  that  do  aofc  qfpv 
in  the  other  diviBions  of  the  groiq^  -  Tho-aadiMi 
gait  are  ako  characteriaed  fay  pecoliairionMy  4MI 
the  Shanklin  sands  abound  in  sheUi.and  so(qpli^|% 
that  are  wanting  in  the  other  cretaeeona  faedfu  -31a 
genera  and  species  of  the  moHnsca  muat.Aenfipe 
have  varied  during  the  period  of  the  depoaitiai  rf 
the  chalk ;  some  kinds  prevailed  at  the  oommenea* 
ment  of  the  formation,  and  became,  eztinet  at  a 
subsequent  epoch;  while  other  forms  appear  for 
the  first  time.  Some  localities  are  also. found  to 
abound  in  species  which  do  not  occur  in  othen; 
these  shelb  must  therefore  have  been  spread  over 
limited  areas ;  in  other  words,  the  inhabitants  of 
the  chalk  ocean  had  geographical  limits  assigned 
them,  as  is  the  case  with  the  existing  species. 

The  mode  of  preservation  varies  in  the  different 
beds.  The  shells,  stony  polyparia,  and  radiaria  of 
the  white  chalk,  are  generally  transmuted  into  car- 
bonate of  lime  having  a  spathose  structure,  doubtless 
the  result  of  high  temperature,  acting  under  great 
pressure  (see  page  91).  Their  cavities  are  frequently 
filled  with  chalk,  flint,  or  sulphuret  of  iron;  in 
many  instances  they  are  hollow,  or  lined  with  crys^ 
tals  of  carbonate  of  lime.  The  softer  zoophytes 
are  silicifled,  and  there  is  scarcely  a  flint  nodule  io 
which  their  remains  may  not  be  traced.  The  bones 
of  reptiles  and  fishes,  and  the  coverings  of  crustacea» 
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fare  in  a  friable  state,  aod  stained  with  aulphuret  of 
Jl-on.  The  teeth  aud  scales  of  the  fishes  present  a 
ilklgh  polish,  and  are  coloured  by  a  ferruginous  im- 
I'pregnation.  Wood  occurs  in  the  state  of  lignite, 
^and  in  brown  friable  masses,  which  quickly  decom- 
V^ose  upon  exposure  to  the  air,  but  when  enveloped 
pin  flint,  the  structure  is  well  preserved;  like  the 
I  fossil  wood  of  the  tertiary,  it  has  evidently  been 
[  drifted,  and  is  perforated  by  teredines  ;  the  fissures 
are  often  filled  with  glittering  pyrites. 

In  the  Gak,  the  nacreous  covering  of  the  shells  is 
,  commonly  preserved,  and  the  ammonites  and  nautili 
of  Folkstone  rival  in  beauty  the  shells  of  the  London 
clay,  and,  like  them  are  subject  to  decomposition. 
The  Green-sand  fossils  are  generally  ailicified,  and 
the  whetstone  pits  of  Devonshire  are  celebrated  for 
the  variety  and  chakedonic  state  of  the  sheila  in 
.   which  the  sandstone  abounds. 

I  The  organic  remains  of  the  chalk  formation  al- 
ready known,  amount  to  many  hundred  species  of 
shells,  corals,  radiaria,  &c.  The  most  distinctive 
-soological  character,  is  the  abundance  of  belemnites, 
eohinites,  and  ammonites :  the  latter  are  tlie  shells 
of  an  estinct  race  of  cephalopoda,  which  appear 
for  the  first  time  in  the  chalk,  no  traces  of  their 
remains  having  been  discovered  in  the  tertiary 
formations.  My  collection,  consisting  of  many 
thousand  fossils  from  the  chalk  formations  of  Eng- 
land and  America,  displays  the  usual  genera  and 
species,  together  with  mauy  that  are  exceedingly 
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rare.     I  will  illustrate  this  subject  by  a  BelecUoa4| 
a  few  s})eciiiieDs  from  each  clasa. 

13.  Fossil  vegetables.— The  flora  ofthe  cl 
as  I  have  already  remarked,  offers  but  little  v 
Fuci,  or  sea-weeds,  occur  in  some  localities  in 
abundance.  There  is  odc  species  of  Fucus  {^Fvc 
Targipnii,  Tab.  49,)  that  abounds  in  the  i 


} 

w  of  Western  Sussex,  particularly  at  Bignor,  the  seat 

of  my  friend  John  Hawkins,  Esq.  F.U.S.,  where 
almost  every  fragment  of  the  rock  is  marked  with  ib 
meandering  forms.  Conferva  occasionally  are  seen 
in  tlie  flints.  Plants  allied  to  Zastera  occur  in  thf 
chalk  of  the  lale  d'Aix,  and  drifted  wood  abound) 
in  the  line  of  junction  between  the  gait  and  greai 
sand.  In  the  quarry  of  Kentish  rag,  of  Mr.W.  H, 
Bensted,  of  Maidstone,  there  have  been  discovend 


k^ 


Il* 


ZOOPHYTES  0 


yii7 


Ir-Gones,  large  maEses  of  perforated  wood,  and  the 

Mem  of  a  plant  allied  to  the  yucca.  I  reserve  a 
more  particular  description  of  these  remains  for  tlie 
ecture  on  fossil  botany. 

14.  Fossil  zoophytes.^I  have  already  men- 
tioned how  numerous  are  the  softer  zoophytes  in 


KHDlgi  tom  Ibo  gull ;  Itio  fossil  h 
le  lying  up),eiiuo>l  and  -k- 
'blnalii  Kilnlgi,  ImbeddFd  ia 
iBlJ:  ncH  Lewei.   (   ~       " 


the  flints.  In  the  white  chalk  stony  corals  are 
found  but  rarely,  while  the  Maestricht  beds  contain 
great  abundance.     A  small  earyophi/Uia 


i 
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(Tab.  50,  fig.  3)  ia  not  unuaaal  iD  the  English  white 
chaik,  and  a  species  of  turbinoHa  (Tab.  50,  fig.V!) 
occurs  in  the  gait.      I  liave  several 
mens  of  other  genera  ;  but  the  absence  of  the 
madrepores  and  stony  corals  is  a  remarkable  &et 
and  accords  with  the  evidence  derived  from  otlw 
sources,  to  prove  that  we  are  examining  the  pro- 
found abyss  of  an  ocean  ;  for  the  economy  of  tk 
living  cords  fits  them  to  live  only  in  waters  of  mode- 
rate depth.     It  would  be  tedious  to  repeat  to  you 
the  names  which  naturalists  have  assigned  to  the 
zoophytes  of  the  chalk  ;  let  it  suffice  to  observe, 
that  the  more  delicate  forms,  as  llustra,  milleponit 
cellepora,  spongia,  aloyonium,  &c.  are  very  abun- 
dant,  particularly  in  some  localities  of  the  Shaakiia 
sand ;  for  instance,  the  quarries  at  Faringdon,  in 
Berkshire,  which  literally  swarm  with  polyparia. 
The  nature  of  these  foi^siU  will  be  explained  in  a 
i'uture  lecture.     There  is  a  zoophyte,  well  known 
to  collectors  of  Sussex  pebbles  by  the  name  of 
petrified  sea-anemone,  from  its  supposed  resemblance 
to  the  living  actinia  (PI.  6,  fig.  S)  ;  but  the  original 
of  this  fossil  was  a  very  different  creature.     From 
an  extensive  suite  of  specimens,  I  have  ascertained 
that  it  was  of  a  subglobular  form,  with  a  central 
opening,  from  which  numerous  tubes  radiated  ;  and 
these  are  oftentimes  exquisitely  preserved  in  flint. 
The  external  surface  frequently  exhibits  the  remains 
of  crucial  spines,  similar  to  those  possessed  by  the 
recent  alcyonia. 
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ADIARIA,  cniHoiDEA,  &c. — Tlie  crinoidea, 
■  lil;'«baped  animals,  are  but  HpariDgl7  distributed 
f  ID  the  chalk — a  circumstance,  as  you  will  hereafter 
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find,  Btrikingly  contraating  with  the  zoological  cha- 
racters of  the  older  secondary  formations.  Stems 
oi encTinit&  occur  iu  the  chalk  and  gait;  and  there 
is  a  small  species  of  apiocrinite,  which  is.  peculiar  to 
this  formation.*  The  most  remarkable  fossil  of  this 
class  is  the  marstipite,  which  I  have  thus  named 
from  its  resemblance,  when  closed,  to  a  purse.  The 
Dtarsupite  (Tab,  51)  waa  a  molluscous  animal,  of  a 
•  Geologjofthe  Boutli- East  of  England,  p.  111. 
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sub-ovate  form,  having  the  mouth,  which  was  tt 
rounded  by  armfi,  or  tentacula,  in  the  centre.  , 
skeleton  was  composed  of  crustaceoua,  hexag 
plates,  and  the  arms,  which  are  subdivided  ii 
numerous  branches,  were  formed  of  ossicul*,  l| 
little  bones ;  (he  whole  was  invesi 
cular  tissue,  or  membrane.  When  floating,  i 
creature  could  spread  out  the  tentacula  like  a 
and  by  closing  them,  seize  its  prey  and  cooTej  M 
to  the  mouth.  This  figure  (Tab.  51)  is  r  '  ' 
from  specimens  which  separately  exhibit  the  pi 
here  represeoted. 

Asleria,  or  star-fish,  are  occasionally  fouod  il 
great  perfection  in  the  chalk ;  my  friend,  the  B 
Thomas  Cooke,  has  discovered  several  remaikii 
fine  impressions  in  flint,  on  the  South  DownS)  W 
Brighton.  The  whetstone  of  Devonshire  i~ 
similar  remains. 

16.  EcHiNiTEs. — Those  remarkable  animals,  tie 
echini,  or  sea-urchins,  are  too  well  known  to  tf 
quire  minute  description.  Their  spherical  sheUi 
or  skeleton,  is  made  up  of  polygonal  plates,  closdj 
fitted  to  each  other ;  and  the  surface  ia  divided 
vertically,  by  bands  like  the  meridians  of  a  globe, 
having  rows  of  double  perforations.  The  shell  is 
studded  over  with  papilla,  which  vary  in  size,  in 
the  different  species,  from  mere  granular  points  to 
large  well-defined  tubercles.  To  these  papillsi 
spines  are  attached,  which  also  present  great  varieiy 
of  figure  and  decoration.  These  are  the  instnnneiitt 


of  motioD,  and,  as  on  the  death  of  the  aninuJ,  the 
iendons  by  which  the  spines  were  fixed  to  the  shell 
Idecompose,  the  extreme  rarity  of  fossil  specimens, 
with  these  processes  in  tlieir  natural  position,  ia 
(readily  explained.      The  echini,  both  recent  and 


fossil,  differ  greatly  in  form  and  structure  ;  they 
are  arranged  into  numerous  sub-genera,  for  the 
conveiiience  of  study,  but  I  caji  notice  only  a  few 
of  the  usual  varieties. 

The  helmet-shaped   echinitea  (fig.  5)   are   ex- 
tremely abundant,  and  in  some  localities  oecur  in 
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ahoals,  atid  in  every  gradation  fi'oin  the  youD^] 

the  adult  state.  Silicioua  casts  of  echiai 
bf  the  decomposition  and  removal  of  the  sheU 
the  flint  with  which  they  were  filied,  are  common 
in  gravel  and  on  ploughed  lands.  The  cordifonzi 
variety  (fig.  T)  la  very  abundant,  and  gives  rise  lo 
the  heart-shaped  flints  of  our  gravel-pits.  The 
elliptical  species  (flg.  3)  is  common  in  the  green 
sand.  The  hemispherical  echini  are  beautifaU; 
embossed  with  papillae  ;  a  small  species  (&g.  1)  i» 
not  uncommon  in  the  chalk  and  flints  of  Kenti 
the  larger  varieties  possess  tubercles,  surrouodeil  by 
elegant  margins  (fig.  6),  and  are  otherwise  riclily 
ornamented.  Some  spines  are  slender,  and  covered 
with  asperities  (fig.  2);  others  almost  smooth  (fig.9)i 
and  club-shaped  (fig.  4);  it  is  seldom  that  the 
spines  are  found  imbedded  in  contact  with  the 
shell  (fig.  8). 

17.  Shells  of  the  chalk, — The  bivalve  sh(^i 
or  conchifera  of  the  chalk,  are  very  numerous;  of 
one  genus  alone  (itrebratula)  above  fifty  specie* 
are  enumerated.  Oysters,  scallops,  areas,  tellen^ 
and  other  familiar  marine  shells  abound,  but  the 
species  difl^er  from  the  recent.  With  these  known 
genera  are  many  which,  so  far  as  our  present  know- 
ledge of  the  inhabitants  of  the  deep  extends,  are 
extinct.  Two  or  three  species  of  cimis,  or  Irochus, 
are  not  unusual  in  the  white  chalk;  but  the  simple 
univalves  are  few;  and  the  only  specimen  of  a  large 
simple  spiral  univalve  with  which  I  tun  acqiuinted 
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a  species  of  dolium,  figured  by  Sowerby,*  The 
Mcestricht  beds,  as  I  have  before  remarked,  offer 
many  exceptions  to  the  usual  fossils  of  the  chalk. 
A  large  volute  (  V.  Fattjasii)  is  found  in  the  flint 


nodules  of  St.  Peter's  Mountain,  with  baculites,  am- 
monitea,  acid  other  characteristic  chalk  fossils.  Id 
the  marl  at  Harasey,  near  Lenes,  I  have  discovered  a 

•  Hinecal  CoDcholo^,  vol  v.  Tib.  42C. 
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feir  genera  (^  simple  luuTalrei  not  pravioori  J  known 
in  the  chalk.    The  •nb-globiBlar.terebrikiikB,  telh 
the  eominoii  and  the  striated  Tarietiesy  are  my 
abundant    Another  bivalve  eqoallj  nmnewoa  kaa 
elegant  shell,  having  one  valve  covered  with  long 
spines  (Tab.  53,  fig.  8),  the  Plagiottoma  qrikonm,* 
a  characteristic  species  of  this  formation.  A  bhidfe 
having  a  fibrous  struoturei  (AoeeramuSf  Tab«  58, 
fig.  4,)  very  brittle,  with  a  crenulated  hinge  of  a 
peculiar  construction,  presents  numerous  species; 
some  of  which  are  small  and  delioatdy  striated,  and 
others  two  feet  in  diameter,  and  deeply  furrowed. 
The  substance  of  these  sheDs  closely  resembles  in 
structure  that  of  the  recent  pinna  f   from  thdr 
fragility,  fragments  are  very  common  in  chalk,  fiint, 
and  even  in  pyrites.   The  G<ili  contains  two  species 
of  this  genus,  which  appear  to  be  restricted  to  this 
division  of  the  chalk,  and  have  been  found  in  almost 
every  locality ;  they  are  the  Inoceramtis  concentricut 
(Tab.  53,  fig.  1,)  and  /.  sulcatus  (Tab.  53,  fig.  3); 
a  hybrid  occurs  in  the  Folkstone  beds,  partaking  of 
the  characters  of  both.    I  have  discovered  a  species 
of  spherulUe  (S.  Mortoni)  in  the  chalk  near  Lewes, 
in  Sussex ;  but  hippurites^  so  common  in  the  cre- 
taceous strata  of  the   continent,   have   not  been 
noticed. 

*  Plagiostoma. — Viscount  D'Archiac  informs  me  that  the 
shells  of  this  genus  are  true  spondyli,  and  that  the  triangular 
vacancy  in  the  lower  valve  is  occasioned  by  the  loss  of  that  por- 
tion of  the  hinge  which  characterises  the  recent  spondylus. 
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The  shells  of  the  green  Band  amount  to  many 
Imndred  species ;  those  of  the  whetstone  pits  of 
filackdown,  in  Devonshire,  are  changed  either  into 
siles,  jasper,  or  chalcedony.* 

18.  Cephalopoda,  and  CHA^fBERED  shells. — 
The  most  peculiar  and  strilting  feature  of  the  organic 
remain9  of  the  chalk,  as  contrasted  with  those  of  tlie 
tertiary  and  modem  deposita,  is  the  vast  prepoiider- 
ance  of  multilocular  cephalopoda.  In  the  tertiary, 
and  in  the  existing  tropical  seas,  one  genus  (the 
nautilus)  occurs  abundantly.  The  beauty,  elegant 
form,  and  remarkable  internal  structure  of  the 
recent  shell,  have  rendered  it  in  all  ages  an  object 
of  admiration  ;  yet  an  accurate  knowledge  of  the 
nature  and  structure  of  the  animal  to  which  it 
belonged  haa  but  recently  been  obtained.  Dr. 
Buckland  has  given  a  lucid  account  both  of  the 
recent  and  fossil  cephalopoda  ;f  ray  remarks  on 
this  subject  will  therefore  be  very  concise. 

The  sepia,  or  cuttk-fish  of  our  seas,  is  of  an 
oblong  form,  composed  of  a  jelly-like  substance, 
covered  with  a  tough  skin;  the  mouth,  which  is 
central,  is  furnished  with  horny  mandibles,  much 
resembling  the  beak  of  a  parrot.  The  animal  has 
two  lai^e  eyes,  and  eight  arms,  studded  with  rows 
of  little  cups,  or  suckers,  which  are  powerful  instru- 
ments both  of  locomotion  and  prehension.      Tlie 

■  Dr.  PitloQ's  Memoir  on  Ihe  ShankJin  aaiids  contains  r 
IS  of  the  usual  shells  and  zoophyles  of  those 
a  Enaf,  p.  333,  at  lef. 
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soft  body  of  the  sepia  is  supported  by  a  skeleton 
formed  of  a  single  bone  of  very  extraordinary  struc- 
ture ;  when  dried  and  reduced  to  powder  it  is  ibe 
substance  called  pounce.  Tlie  cuttlC'iiBli  lias  itw 
power  of  secreting  a  dark-coloured  fluid,  or  inli, 
which  it  ejects  wben  pursued,  and  by  thus  reudeiiag 
the  water  turbid,  escapes  from  its  enemies.  T)at 
fluid  is  contained  in  a  bag,  and  forms,  wben  pn- 
perly  prepared,  the  sepia  colour  employed  in  tbt 
arts,  and  enters  iuto  tlie  composition  of  Indian  ink. 
Tliis  brief  aketcli  of  the  natural  history  of  tht 
cuttle-fiab,  will  euable  ua  to  understand  the  litbiti 
and  economy  of  the  beings  whose  fossil  remains  I 
ant  about  to  describe. 

19.  The  belemnitb. — One  of  the  most  commoii 
fossils  of  the  chalk  is  an  elongated  conical  stone,  of 
a  crystalline,  radiated  structure,  and  generaLy  of  a 
brown  colour,  called  belemnile.  The  pita  in  Susaex, 
Kent,  Norfolk,  and  indeed  every  locality  of  the 
chalk,  contain  these  bodies ;  and  some  limestones  on 
the  continent  are  almost  wholly  composed  of  them. 
The  belemnite  presents  considerable  variety 
I)ut  in  every  species  the  structure  consists  of- 
apathose  radiated  aubatance,  terminating 
(Tab.  ^4',  fig.  2,)  and  having  at  the  opposite  ud 
largest  end  a  conical  cavity,  in  which  was  situated 
a  a/iell  of  like  form,  divided  into  septa  or  chambm, 
as  seen  in  the  drawing  (Tab.  54.,  fig.  1):  tliis  shell 
is  commonly  wanting  in  the  specimens  found  in  tlie 
chalk.    Dr.  Buckland  has  admirably  expUuied  tiw 
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.natare  of  tlie  belemnite,  and  given  the  solution  of  a 
]wobleiii  which  had  long  been  attempted  in  vain. 
The  belemnite  is  the  bone  of  a  ereature  allied  to 
the  cuttle-fiah,  and  in  this  representation  (Tab.  5*, 
Ag.  1,)  its  situation  in  the  body  of  the  animal,  and 
temnexion  with  the  ink-bag,  are  so  clearly  ahoi 


as  to  require  no  further  comment.  The  belemnite 
lometimes  occurs  with  the  laminated,  external, 
horny  sheath,  the  conical,  chambered  shell,  the 
ink-bag,  and  the  fib ro- calcareous  bone,  in  their 
natural  position  ;  the  inspissated  contents  of  the 
bog,  the  fossil  sepia,  has  actually  been  employed  as 
a  pigment  by  one  of  our  most  eminent  artists, 

20.  The  nautilus.— The  shell  of  the  nautilus 
consists  internally  of  a  series  of  chambers,  which 
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are  pierced  through  the  middle  by  a  sipbuncnlns 
or  tube,  which  exteade  to  the  remotest  cell. 
animal  is  of  the  nature  of  the  sepia,  and  oocnpil 
the  outer  receptacle  of  the  shell ;    it  i 
conoexion  with  the  inner  chambers  by  means  ff 
membranous  tube  which  lines  the  siphuncle.    Tii\ 
chambers  are  internal  air-cells,  and  the  creature  hi 
the  power  of  filling  the  siphuncle  only,  with  a  fluid 
secreted  for  the  purpose,  and  of  exhausting  it; 
difference  thus  etfected  in  the  specific  gravity  of  fli 
animal  and  its  shell  enables  the  nautilus  1 
swim  at  pleasure.      If,   therefore,  you  imagine  t 
cuttle-fish  placed  iu  the  outer  chamber 
tilus,  with  its  arms  extended,  and  having  a  tube 
connected  with  the  siphunculus,  but  neither  ii 
nor  bone,  these  being  unnecessary  to  an  aiiim 
having  the  protection  and  mechanism  of  a  cham- 
bered shell,  you  will  have  a  tolerably  correct  idet  _ 
of  the  recent  nautilus.     The  nautilus  is 
a  ground-d welling  animal,  feeding  on  the  jaax 
plants  which  grow  at  the  bottom  of  the  eea.    "  Kui 
phius  states  that  it  creeps  with  the  shell  above,  al 
that  by  means  of  its  tentacula  it  can  make  qni 
progress  along  the  ground."* 

21.    The   ammonite,   or  cornu  ammokis.^ 
The  fossils  called  ammonites,  like  the  belemni 
also  lirst  appear  in  the  secondary  formations ; 
more  properly,  no  traces  of  their  remains  have  b 
found  in  the  tertiary  deposits.     The  ammonite)  I 
•  Dr.  Bucklind'a  Essay. 
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iplled  from  its  suppoaed  resemblance  to  the  lioro  of 
inpiter  Ammon,  is  a.  fossil  chambered  shell,  coiled 
IP  in  tbe  form  of  a  disk,  bearing  a  close  analogy  to 
^e  nautilus,  but  differing  in  the  situation  of  tbe 
jpphunculus,  and  in  the  septa  by  which  the  interior 
pa  divided.      In  the  nautilus  these  partitions  are 

isntire,  and  their  section  presents  a  series  of  simple 
ifiurres,  (Tab.  ^4,  fig.  3  ;)  but  in  the  ammonite  they 
possess  every  variety  of  sinuosity,  and  the  external 
'  Burface  of  the  casts  of  the  ammonites  commonly 
I  exhibits  markings  resembling  the  outlines  of  deeply 
j  fringed  foliage;  the  shell  is  also  generally  decorated 
with  flutings,  ribs,  or  tubercles.  The  siphuncle,  or 
Byphon,  which  in  the  nautilus  is  central,  is  placed 
at  the  back  of  the  ammonite.  I  Lave  placed  before 
you  specimens  from  the  Gait  of  Folkstone,  in  which 
the  shell  remains, — from  Watchett,  with  the  internal 
nacreous  coat  only, — ivhile  in  this  common  species 
from  Whitby  the  shell  is  altogether  wanting,  tbe 
specimen  being  a  cast  of  the  interior,  formed  of 
argillaceous  iron-stone,  a  state  in  which  these  fossils 
are  frequently  found.  In  some  examples,  the  shells 
and  partitions  of  the  chambers  having  decomposed, 
casts  of  the  cells  have  been  formed,  which  fit 
into  each  other,  and  admit  of  being  put  together, 
so  as  to  show  the  entire  shape  of  the  ammonite. 
Nautili  also  occur  in  this  state  ;  and  in  a  spe- 
cimen, for  which  I  am  indebted  to  Miss  Pearson, 
of  Claphara,  the  series  is  complete  from  the  com- 
mencement to  the  outer  cell.   Nearly  three  huudred 
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kincU  of  ammoniteB  are  known  in  the  secondu; 
formations,  certain  forms  being  restricted  to  pu^ 
ticular  rocks.  Thus,  for  example,  the  chalk  mariof 
Sussex  abounds  id  two  species,  {Tub.  53,  figs.  7,9,) 
which  either  are  very  rare,  or  do  not  occur  in  th 
white  chalk  above,  or  in  the  gait  below;  and  il 
every  locality  of  the  marl  in  England,  and  on  Hi 
continent,  these  species  are  found.  But  I  mai 
again  refer  you  to  Dr,  Buckland's  Bridgewalet 
Essay  for  much  important  and  interesting  inforou- 
tion  on  these  subjects.  I  will  add  but  one  remark; 
the  membi-anous  tube  of  the  siphuncle  sometima 
occurs  in  a  fossil  state ;  as  may  be  seen  in  this 
ammonite  from  the  chalk-marl  near  Lewes,  whick 
retains  a  large  portion  of  the  siphuncle ;  the  black 
substance  of  these  tubes  has  been  analysed,  and 
found  to  consist  of  animal  membraJie,  permeated 
by  carbonate  of  lime.  Dr.  Prout  is  of  opinion  that 
the  black  colour  has  originated  from  decomposition ; 
the  oxygen  and  hydrogen  of  the  animal  membrane 
having  escaped,  and  carbon  been  evolved,  as  happens 
when  vegetable  matter  is  converted  into  coal,  under 
the  process  of  mineralization.  The  lime  has  taken 
the  place  of  the  oxygen  and  hydrogen,  which  ex- 
isted in  the  pipe  before  decomposition.* 

Ammonites  vary  in  sine  from  a  few  lines  to  twelve 

or  fourteen  feet  in  circumference;  at  low  water  on 

those  parts  of  the  Sussex  coast  where  the  chalk 

forms  the  base  of  the  shore,  enormous  specimens 

■  Bridgewater  Eseay,  p,  3S2. 
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fre  often  seen  imbedded.  In  some  limestone  dis- 
tricts, the  marble  is  almost  wholly  composed  of 
^monites,  as  in  this  polished  slab  from  Somerset- 
phire,  which  is  adorned  with  most  beautiful  and 
^faried  sections  of  the  inclosed  shells. 

22.  TuRRiLiTB,  HAMiTE,  &c, — Baculites,  turn- 
lites,  hamites,  and  other  genera  of  multilocular 
•hells,  abound  in  the  chalk  marl,  gait,  and  Shanklin 
•and.  The  turrilite  (Tab,  53,  fig.  2),  may  be  de- 
scribed  as  an  ammonite  twisted  in  a.  spiral,  instead 
of  a  discoidal  form :  and  the  hamite  (Tab.  53,  fig.  6), 
as  a  similar  structure  in  the  shape  of  a  hook,  coiled 
up  at  the  smaller  extremity.  These  ehells  some- 
times attain  a  large  size ;  the  turrilite  before  you, 
vhich  is  the  finest  example  known,  would  if  perfect 
exceed  two  feet  in  length ;  it  possesses  traces  of 
the  siphuncle.  Hamites  of  gigantic  proportions 
have  been  found  in  the  Shanklin  sand  of  Kent,  by 
Mr.  Hills,  the  intelligent  and  indefatigable  curator 
of  the  Chichester  Museum.  The  first  specimens  of 
turrilites,  hamites,  and  scaphites,  from  the  Britbli 
strata,  were  discovered  in  my  early  researches,  in 
Hamsey  marl-pits,  near  Lewes.*  The  scaphite  is 
of  a  boat-like  form  ;  but  I  must  forbear  entering 
on  its  description,  as  well  as  on  that  of  many  other 
multilocular  shells,  hundreds  of  which  are  n 
scopic,  and  sometimes  form  entire  layers  in  the 
chalk. 

23.  Spirolisitbs. — There  is  however  one  genus 
Sowerbj^B  Mineral  CoDcholae;,  voL  i.  Tab.  1 8. 
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which  1  caunot  pass  over  without  remark ;  it  i) 
calledi  from  the  dispositioD  of  its  chambers,  tbe 
tpirolinile,    and    resembles   the    common  nautiUi  ', 
ipirula,  the  craxier-s/iell  of  collectors,  except  thai   l 
the  coils,  which  in  the  recent  shell  are  separate,   I 
are  in  this  foBsil  in  close  apposition.    Several  ■] 


Tig.  1,  SplroUnltei  LjellU.    Fig.  i.  S.  UDRhlionL 

previously  unknown  in  the  ohaik,  were  discovered 
by  the  Marquis  of  Northampton,  P.K.S.  some  years 
wince,  in  the  pebbles  ou  the  Brighton  sUorea;  and 


SPIROLINITES. 


ft'  flints  from  the  chalk  at  Keoip-town,  and  other 
ikces  :  these  minute  but  mast  interesting  objects 
Ikviog  escaped  the  notice  of  less  accurate  and  in- 
telligent oliaervers.      My  son   also   has  collected 


!• 


^m 


'teveral  specimens  from  the  chalk  and  flints  near 
Chichester.  I  have  great  pleasure  in  laying  before 
■yott  enlarged  drawings,  by  his  lordship,  of  four 
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species ;  the  smaller  figures  indicate  the  MXe  of  the 
originals." 

24.  Infcsobia  in  flint.— Among  the  olmM 
endless  diversity  ol'  forms  in  which  those  aloms  of 

•  Nate  on  tha  Snuu  ipirolimcea,  )rr  the  Marquis  of  HoA- 
ttnpton : — 

"  I  willingly  ooDipIy  with  jatii  denie  to  commuiiJc*t«  idlW 
note  oa  the  SusaeX  ipirolinitea,  One  Bpiciea  of  which  jou  bnt 
been  pleased  to  diatinguiah  bjniynune.  I  have  round  theMfmlh 
m  flint  It  BrightoD,  Kemp-town,  Ilottiagdeiui,Lewn,HM)np. 
Ste^ios.  Chiubester,  Wetl  Stoke,  and  id  the  lale  ofVifU: 
and  one  apecimen  in  France.  I  have  diacorered  aboul  two 
hundred  of  theao  minute  chambered  ihells  in  Hint,  but  on)]'  I") 
in  chalk.  SoTiie  □I'the  niieroscopic  bodicE  extricated  fromllie 
chalk  by  Mr.  Lonsdale,  I  am  iaclined  to  think  are  apiroliDllo. 
but  othera  are  foraminiftra.  I  have  seen,  ii  I  believe,  minnlt 
DDiDiDiilitea  in  the  Sauex  flint  The  Bpiiolinitea  which  I  hin 
caUected  coaatitute  tbuT  diatiaet  ipeciei.  1.  The  one  to  whUi 
you  have  been  pleaned  to  give  the  appellation  of  S.  Ciiajriwi. 
1.  Spiraliaibfi  LyclUi,ditiiBgmibBd  by  the  horixonta]  chamlan, 
one  above  the  other,  in  the  soiled  portian.  3.  S.  SlolKriitiMtb 
I  name  attta  oor  bieai  Charlea  Stokea,  Esq. ;  uid  this  mau 
has  the  flirthei  advantage  of  pointing  out  the  locally,  Weil 
Stoke,  near  Chiebester,  from  which  I  obtained  this  unigu 
epecimen,  and  where  other  spiroHnitea  abound.  The  fourth 
vou  muat  allow  roe  to  deaignate  S.  ManleUii.  The  distiiKtin 
characters  of  tlieae  apeciea  are  too  obvioua  to  require  detailed 
descriplion.  The  traniverac  chambeia  m  S.  Lyellu  (Tah  ii, 
flg.  1 ,  and  Tab.  S6,  fig.  3,)  are  a  striking  peculiarity  of  stnictuie: 
in  the  apecimen  ftom  France  (Tab.  Sfi,  fig.  I),  there  appcs) 
indications  of  a  aiphuncle  in  the  straight  prolongition.  J  am 
inclined  to  believe  that  there  are  other  apeciea  in  my  collection, 
but  the  irregularity  in  the  fractured  sections  of  these  miaulc 
chambered  shells,  rendeca  it  difltcult  to  arrive  at  accurate  mn- 
cluaions  on  this  point. 

"  CantU  Aihhy,  Jmmary  1,  lS3g."  "  IfotttKaMFio*." 
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■nimal  existence,  the  ijifusoria  (so  called  because 
numerous  species  abound  in  vegetable  infusions) 
appear,  many,  like  the  ct/prU  of  which  we  have 
already  spoken,  possess  shields  or  coverings,  some 
of  which  are  ferruginous,  others  calcareous,  and 

I  many  silicious  ;  the  yellow  film  seen  on  the  surface 
of  stagnant  water  is  made  up  of  these  animals. 
The  inftisoria  belong  to  many  distinct  families,  some 
having  a  complex  organization,  with  a  nervous, 
muscular,  and  circulating  system,  and  digestive 
organs  highly  developed.  As  I  shall  revert  to  this 
nibject  in  another  lecture,  I  now  only  wish  to  call 
your  attention  to  the  remarkable  fact,  that  the  sili- 
cious cases,  or  skeletons,  of  this  class  of  beings, 
have  been  discovered  in  a  fossil  state ;  and  that 
some  deposits,  for  instance  the  tripoli  of  Bilin  in 
'  Bohemia,  consist  almost  entirely  of  the  silicified 
lemains  of  infusoria,  of  a  species  so  mioute,  that  a 
cubic  inch  of  stone,  weighing  220  grains,  contains 
spwardsof  il  thousand  millions  of  these  skeletons." 
The  diatingubhed  naturalist,  Ehrenberg,  to  whom 
we  are  indebted  for  this  wonderful  discovery,  has 
also  detected  the  remains  of  these  animalculee  in 
chalk-flints,  semi-opal,  and  other  silicious  substances ; 
and  the  Rev.  I.  B.  Reade,  of  Peckham,-j-  has  observed 
in  the  flints  of  Surrey,  shields  of  gaillonella,  a  form 
of  infusorial  animal   well  known    to  microscopic 

•  See  a  tianslatiiin  of  Ehrenberg'a  Obserrntions  on  iheea 
diBCOYBriei,  in  Taylor's  Soieotillc  Memoirs,  Put  III. 
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observers.  I  shall  hereafter  place  before  you 
aentatioQs  of  several  of  these  objects ;  it  is  guffidfl* 
for  the  present  to  have  stated  the  fact,  that 
masses  ofjlint  are  composed  of  the  fossilized  renuau 
of  beings,  as  wonderful  in  their  structure  tuA 
ganization,  as  any  of  the  colossal  forms  of  ani 
existence.*  Some  kinds  of  opal  appear  to  hat* 
been  formed  of  the  dissolved  silicious  skeletons  of 
these  animalcules,  and  the  more  durable  forms  a 
seen  preserved  in  it  like  insects  in  amber.-f' 

25.  Crustacea  of  the  chalk. — Speciei  < 
several  genera  of  Crustacea  have  been  obtained  fnu 
the  Sussex  chalk ;  in  some  examples  I  have  sai 
ceeded  in  removing  the  surrounding  stone,  an 
exposing  the  filiform  aQtennas,  the  abdominal  seg- 
ments, and  the  tails  of  astacidiB,  In  the  gait,  the 
Crustacea  hitherto  discovered  belong  to  very  small 
species.  I  have  obtained  from  Ringmer,  near 
Lewes,  specimens  which,  in  the  opinion  of  Dr.Leach, 
are  extiuct  forms,  related  to  Indian  geaera.  In  the 
Speeton  clay  of  Yorkshire,  Professor  Phillips  hu 
discovered  several  beautiful  species  of  astaci 
The.  Shanklin  sands  of  Kent  and  Dorsetshire 

•  Tha  vegetable  kingdom  presents  ua  with  fonns  eqiul^     ' 
minute.     The  red  cdIout  occasional!;  obsenable  in  the  Eonw 
at  Baffin's  Bay,  is  occasioned  by  a  species  of  rungus  (*nii 
naalis),  a  full  grown  indiiidual  of  which  is  but  l-lSO«h  of  aa 
inch  in  diameter;  each  square  inch  of  the  mow  is  therefal*     i 
covered  by  two  millions  five  hundred  thousand  lijngL — Ba 

+  Lyell's  Elements  of  Geology. 

X  Aiiaau,  cray-fiah. 
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yielded  a  few  cruBtacean  remains.  In  the  limestone 
of  St.  Peter's  Mountain,  claws  of  a  sraali  kind  of 
crab  are  frequently  discovered  (Tab.  57),  but  no 


other  vestiges  of  the  animal.  Faujas  St.  Fond,  and 
Latreille,  have  very  ingeniously  explained  this  fact, 
by  sbowing  that  the  claws  belonged  to  a  parasitical 
species,  which  like  the  common  hermit-crab  of  our 
seas,  had  the  body  covered  by  a  delicate  membrane, 
the  claws  alone  having  a  shelly  case;  hence  the 
latter  would  be  found  in  a  fossil  state,  while  of  the 
other  parts  of  the  animal  no  traces  would  remain. 

26.  Fishes  of  the  chalk— sharks.— The 
fossil  fishes  of  the  chalk  were  known  only  by  the 
teeth,  which  abound  in  almost  every  quarry,  until 
my  researches   in    the    chalk-pits    around  Lewea 
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brought  to  light  the  estraordinary  apecimens 
you,  and  showed  how  such  delicate  remains 
be  developed.  The  teeth  for  the  most  part  bel 
to  fishes  allied  to  the  shark ;  a  family  which 
ancient,  aa  iu  the  modern  seas,  appears  to  have 
been  confiued  by  tio  geographical  limits.  Profcaor 
Agassiz,  by  whose  geuius  and  pers^erance  this  dc' 
partnient  of  paiseontology  has  beeu  bo  succeHsfullj 
elncidated,  has  proposed  a  clossificatios  of  &shea, 
founded  upon  the  peculiar  structure  of  tlie  scale*— 
an  arrangement  of  great  utility  to  the  geologist, 
since  the  mutilated  state  in  which  ichthyolite*  m 
frequently  occur,  render  futile  the  attempt  to  pli 
them  ia  the  existing  orders  and  genera.* 

The  teeth  of  sharks,  particularly  those  of 
genus  lamna  (Tab.  58,  figs,  2,4),  are  very  coi 
in  the  chalk,  and  occur  occasionally 
they  possess  a  high  polish,  are  in  an  excellent 
of  preservation,  and  are  always  single,  arising 
the  cartilaginous  nature  of  the  jaws  of  the 
These  examples  of  the  recent  shark  show  tlie  numl 
and  variety  of  the  teeth  in  an  individual ;  by  tbtt' 
decomposition  of  the  jaw  the  teeth  would  be  seph*- 
rated  and  drifted  by  the  water,  and  therefore,  iD*^ 
fossil  state,  seldom  exhibit  any  traces  of  their  ori*. 
ginal  position.  It  may,  however,  happen,  that  jaw* 
with  teeth  will  hereafter  be  discovered,  forrertebnBf 
fiu-bonea,  and  even  the  shagreen  skin  of  sharks,  an' 
preserved  in  some  specimens  in  my  collection.    Thi|< 

•  See  Appendii  L;  and  Dr.  Bucklond's  Eiasy,  p. 
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hroad  rugous  teeth  (fig.  6)  are  sometimes  found  io 
pvups  of  twenty  or  thirty ;  they  belong  to  a  fish 
tUied  to  the  eharL,  in  which  the  mouth  waa  covered 


I  with  these  bony  processes,  like  a  tessellated  pave- 
iDGnt.  The  spines,  fin-bones,  or  rays  of  fishes,  also 
occur  in  the  chalk ;   and  I  have  one  splendid  spe- 

,  cimeo,  in  which  even  the  tendinous  expansion  of 


cuumi)  111  » 
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the  muscle  that  moved  tbe  fiu-boae  is  preserved,* 
Some  of  those  in  my  cabinet  belong  to  the  same 
geous  se  the  dog-fish  of  our  coaat  (spinax  aeon- 
tkias),  which  has  a  curved  spine  in  front  of  the 
dorsal  fin ;  1  place  before  you  a  recent  and  fossil 
spine,  to  show  their  analogy.      The  mandiblei  ot 


tOM-M/Otnaliitalilu.) 

jaw-bone,  of  a  very  curious  fish  (the  chimera)  vftS 
one  of  my  earliest  dbcoveries  in  Hanuey  inarl>pit, 
and  I  have  since  found  examples  in  the  chalk  of 
Lewes ;  other  species  have  been  discovered  in  the 
green  sand  of  Kent,  by  Mr.  Bensted,  ftod  in  the 
Kimmeridge  clay,  by  Sir  Philip  Egerton.-|- 

The  remains  of  large  fishes,  belonging  to  that 
(Uvision  called  by  Agassiz,  sauroid,  (rom  their  com- 

•  Fossils  of  the  South  Ddwhb,  Tab.  rr'jx. 

f  The  nature  of  theEe  cuiioui  lelica  lerouned  unbMnni,  tiH 
Br.  Bucklaad  ascertuDed  that  the;  ate  (he  nundibles  of  serenl 
eatiiwt  specie*  of  ebimenk 
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ling  in  tbeir  structure  certain  characters  of  rep- 
ea,  liave  been  found  in  the  chalk  and  green  saud 
Sussex  and  Kent.  They  consist  of  large,  conical, 
iated  teech,  bearing  a  resemblance  to  those  of 
■rocodiles,   with   which    they   were    formerly   con- 
lunded.     1  have  several  from  the  white  chalk  near 
[Lewes ;   Mr.  Benateil  has  discovered  others  in  the 
itish  rag,  and  Mr.  Rose,  in  the  gait  of  Cam- 
bridge. 

97-  Fossil  salmok,  or  smelt, — But  the  most 
remarkable  ichthyolites  of  the  chalk,  are  the  iishes 
belonging  to  the  salmon  family  (salnumidrE),  and 
closely  related  to  the  smelt  (osmerus).  Many  years 
UDce,  1  succeeded  in  extricating  from  the  chalk  the 
extraordinary  specimen  before  you.* 

The  length  of  the  fish  is  nine  inches,  and  it 
■lands  nearly  six  inches  in  relief;  the  back  is  still 
ittached  to  the  chalk,  and  the  dorsal  iin  is  exposed. 
There  are  other  examples  of  the  same  species  in  my 
cabinet,  which  are  almost  equally  perfect.  These 
ichthyolites  were  obtained  from  the  quarries  in  the 
iaiinediate  vicinity  of  Lewes,  during  my  residence 
in  that  town.  It  is  clear  that  the  chalk  must  have 
Rurrounded  the  fishes  while  they  were  alive  and  in 
sctual  progression,  and  by  suddenly  consolidating, 
preserved  their  forms  unaltered ;  for  the  body  b 
round  and  uncompressed,  the  mouth  open,  and  the 

•  A  beautiful  lithograph  of  tbii  fossil,  by  Mr.  Pollard, 
Ibtms  the  fiontiepiece  of  the  Catalogue  of  tlie  MuitelJlan 
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fins  and  gills  are  expanded.  Even  to  those  trhoK 
curiosit;^  has  aot  previously  been  awakened  to  geo- 
logical inquiries,  the  examination  of  these  petrified 
inhabitants  of  the  ocean  cannot  fail  to  excite  deep 
interest ;  and  1  have  seen  the  man  of  faBhion,  a: 
well  as  the  philosopher,  gaze  in  mute  astonisfamot  im 
OD  these  "  relics  of  a  former  world."  H 

28.  Machopoma,  and  other  fishes.— I  hittlj 
already  mentioned  that  the  capsule  of  the  eye  »•  W* 
mains  in  many  specimens ;   this  is  particularly  th   1| 
case  with  those  fishes  {beryx)  which  have  some  le-    11 
semblance  to  the  dory  (Tabs.  63,  Q^).    In  a  wtuiol    l| 
lish,  named  macropoma  by  M.  Agassiz,  the  mMI-    I 
branes  of  the  stomach  are  invariably  preserved;    I 
this  fish  (Tab.61),  independently  of  the  factjiut 
stated,  is  extremely  remarkable  in  its  organ! zatim, 
The  operculum  of  the  gills  is  very  large,  and  the 
scales  are  studded  with  hollow  tubes.      In  many 
recent  fishes,    there   is   a   row  of  tubular  scaloi 
forming  what   is   called  the  lateral   line,   throng 
which  flows  a  fluid  that  lubricates  the  surface  of 
the  body ;   in  the  macropotna,  every  scale  appears 
to  have  possessed  such  a  mechanism. 

Many  of  the  most  interesting  chalk  ichthyolites 
in  my  museum  are  figured  by  M,  Agassiz,  in  his 
important  and  splendid  work — "  Recherchea  sur 
les  Paissona  Foxsiles."  I  now  place  before  you 
restored  figures  of  seven  species ;  for  comparative 
anatomy  enables  us  not  only  to  reconstruct  the 
colossal  mammalia,  and  the  palEeotheria,  but  aiaa  to 
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■nOi  ipMlea  li  genenllr  fmind  In  the  ohBlk-m 

eollMled  M  OlBjIoD,  BlojrBiDg,  ud  Aruinl«t  in 


restore,  with  ail  the  liaeameDts  of  life,  the  fishes 

•vhich  lived  and  died  in  the  seas  of  the  ancient 

rorld.     These  restorations  have  been  drawn  with 

3at  care   by   an   emineDt  artist,   M.  Dinkel,  of 

le  fossil  fishes  discovered  in  the  South  Downs 
amount  to  upwards  of  forty  species ;  and  there  ue 
several  ur  "  "  '  "  m  '  !  chalk  of  Kent,  in  the 
splendid  c  lus  <  'elites  of  Viscount  Cole 

and  Sir  P tigertuu, 

In  the  other  sub-divii^iu  of  this  formation,  both 
in  England  and  elsei  the  remains  of  fishes 

occur.     The  slates  ..j,  in  Switzerland,  have 

long   been   celebrat  .'  their  ichthyolitesi   and 

by  these  fossils  M.  Agassiz  was  enabled  to  de- 
termine that  those  strata  belong  to  the  chalk ; 
although  the  achbt  in  which  they  are  imbedded, 
as  may  be  seen  in  this  fine  suite  of  specimenB 
(collected  and  presented  to  me  by  the  distin- 
guished geologists  above  named),  b  a  compact 
bituminous  slate,  scarcely  to  be  distinguished  from 
:jome  of  the  most  ancient  of  the  transition  series; 
a  character  which  is  attributable  to  the  effects 
of  high  temperature,  as  will  hereafter  be  ex- 
plained. 

In  concluding  this  cursory  review  of  the  foami 
fishes  of  the  chalk,  it  must  be  remarked  that  all 
these  ichthyoliCes  are  of  extinct  forms ;  and  that 
none  of  the  species,  and  even  but  few  of  the  genera) 
occur  in  more  recent  deposits ;    a  result  in  perfect 
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accordance  with  tbat  derived  from  the  esamiiiation 
of  the  zoophytes  and  molIuBca.* 

29.  Reptiles.— The  remains  of  reptilefl  hitherto 
observed  in  the  clialk  arc  but  few ;  the  most  im- 
portant is  the  MoBcesaurus  Hoffmanni,  of  which 
I  epoke  when  describing  the  Maestricbt  deposits. 
The  oecarrence  of  the  vertebrie  of  a  reptile  be- 
longing to  tlie  same  genus,  if  not  species,  in  the 
Lewes  challf,  and  of  similar  teeth  and  bones  in 
the  equivalents  of  this  formation  in  North  America, 
are  facts  of  great  interest.  Through  the  kindness 
'of  Mr.  Charlesworth,  I  have  inspected  portions  of 
a  large  jaw  with  teeth  from  the  Norfolk  chalk, 
which  bear  a  resemblance  to  those  of  the  raoste- 
saurus ;  but  the  symmetrical,  conical  form  of  the 
teeth,  and  other  characters,  show  that  they  belong 
either  to  an  unknown  reptile,  or  to  a  sauroid  fiah. 
Bones  of  turtles  are  found  in  the  white  chalk  of 
Sussex,  and  abundantly  in  the  lim^tone  of  St. 
Peter's  Mountain,  and  in  the  slate  of  Claris ;  they 
belong  to  marine  species.  I  have  a  mandible  of  a 
turtle  from  the  Lewes  chalk,  which  is  figured  by 
Dr.  fiuckknd  ;  -j*  and  a  femur  from  Kent,  dis- 
covered by  Mr.  Bensted,  Teeth  of  crocodiles, 
from  the  chalk  of  Meudon,  are  mentioned  by 
Cuvier ;  and  very  recently  a  specimen  containing 
tiie  vertebral  column,  ribs,  and  pelvis  of  a  small 
lizard,   in   a  beautiful   state  of  preservation,  was 
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found  in  a  chalk-pit  near  Chatham,  aod 
possession  of  Sir  P.  M,  Egerton. 

30.  Revibw  of  the  chalk  fobmatjon. — The 
onaracters  of  the  chalk  formation,  as  shown  by 
these  investigations,  are  those  of  a  vast  oceasic 
basin,  filled  with  the  debris  thrown  down  bj  ilt 
waters,  and  which  enveloped  the  remains  of  its  in- 
habitants ;  arenaceous  beds  prevailing  in  the  lower 
most — argillaceous  in  the  inidtlle — aiid  cretaceous 
in  the  upper  division  of  the  series.  Intrusions  of 
thermal  streams  appear  to  have  been  abundant  at 
certain  periods;  and  the  proofs  are  incontrovertible> 
that  throughout  the  entire  epoch  of  ita  fori&ati(»> 
its  waters  swarmed  with  living  beings  of  the  Tarioii' 
orders  of  marine  existence;  all,  or  almost  alU  tht 
species  being  now  extinct.  The  fuci  show  that  it 
possessed  a  marine  vegetation ;  and  the  drifted 
wood,  fir-cones,  sterna,  and  leaves,  that  its  shore* 
were  bounded  by  dry  land  clothed  with  forests; 
the  fossil  reptiles  also  afford  additional  confirmation 
of  this  inference. 

31,  Geology  of  the  south-east  of  Ekg- 
LAND,— From  this  survey  of  the  marine  formation 
of  the  chalk,  we  turn  to  the  remarkable  fluviatile 
deposits,  of  which  the  basin  uf  the  cretaceous  ocean, 
in  the  south-east  of  England,  was  composed ;  in 
other  countries,  a^  1  shall  again  have  occasion  tu 
remark,  that  basin  was  formed  of  the  oolite  and 
other  marine  strata.  It  will  now  be  necessary  to 
offer  a  few  observations  on   the   geology  of  tbe 
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district  in  which  the  beds  of  the  wealden  are  so 
lai^ely  developed. 

The  strata  of  the  south-east  of  England  con- 
stitute three  principal  groups.  The  first  consists 
of  the  tertiary  sands,  clays,  and  gravel,  described 
to  the  previous  lecture,  which  occupy  depressions 
of  the  chalk.  The  second  is  the  chalk,  (including 
under  this  term  the  white  chalk,  gait,  and  green 
lands,)  which  forms  the  most  striking  feature  in 
the  physical  geography  of  the  country.  The  tipper 
division  of  the  cretaceous  formation  constitutes  the 
South  Downs,  which  from  the  bold  promontory  of 
Beachy-head,  traverse  the  county  of  Sussex  from 
east  to  west,  and  pass  by  Hampshire  into  Surrey. 
From  Godolming  the  chalk  hills  extend  by  Godstone 
into  Kent,  where  the  range  is  called  the  North 
Dotuns,  and  terminate  in  the  cliffs  of  Dover.  The 
lowermost  member  of  the  chalk,  the  Shanklin  sand, 
appears  as  a  chain  of  hills  of  very  irregular  elevation, 
which  skirts  the  escarpments  of  the  chalk  downs, 
the  gait  constituting  a  valley  between  Ihem.  The 
third  group  is  spread  over  the  area  between  the 
North  and  South  Downs ;  the  most  elevated  masses 
forming  a  range  called  the  Forest-ridge,  which 
traverses  the  district  in  a  direction  nearly  east  and 
west,  and  is  composed  of  alternations  of  sandstone, 
sands,  shales,  and  clays,  with  a  deep  valley  on  each 
flank,  called  the  weald;  hence  the  geological  de- 
signation of  the  whole  series.  From  the  central 
ridge  of  the  weaiden,  which  varies  in  height  from 
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400  to  800  feet,  the  strata  diverge  on  each  stdt 
towards  the  Downs,  forming  an  anticlinal  aril,  a& 
finally  disappear  beneath  the  lowemtost  beds  of  the 
chalk.  (Fife  the  section,  PI.  9,  fig.  1.)  There 
conclusive  proofs  that  the  wealden  strata  were  ari- 
ginally  covered  by  the  chalk,  and  tiiat  their  pre«st 
position  and  appearance  are  attributable  to  chi 
which  have  taken  place  subsequently  to  the  eretif! 
eeous  epoch ;  the  wealden  having  been  lifted  II|F 
and  forced  through  the  chalk,  and  thus  effected  tb* 
partial  destruction  of  that  formation.* 

32.  Geological  phenomena  between  Loft 
DON  AND  Brighton.  —  The  direct  ruada  hott 
London  to  Brighton  pass  over  the  whole  series  ti 
deposits  comprised  in  the  above  sketch,  as  well  wt 
those  described  in  the  first  lecture.  Proceedisg 
from  the  Thames,  the  observer  successively  tiA 
verses  the  modern  silt  of  the  river  —  the  ancieil 
alluviuni,  containing  remains  of  elephants  and  othot 
large  mammalia— and  if  he  proceed  by  Reigate,  liil 
road,  at  Clapham  and  Tooting,  lies  over  beds  of  cUji 
and  gravel,  which  are  part  of  the  ancient  shoiM 
of  the  London  basin.  At  Sutton  be  ascends  thtf 
chalk  hills  of  Surrey,  and  travels  along  elevataA 
masses  of  the  ancient  ocean-bed  just  describeda 
Arriving  at  the  precipitous  southern  eEcarpmoik. 
of  the  North  Downs,  a  magnificent  landscape, 
playing  the  physical  structure  of  the  weald,  m1 
its  varied  and  picturesque  scenery,  suddenly  bunts 
■  Sk  Geology  DftheSauth-E»t  of  Englaiid, 
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upon  hia  view.  At  his  feet  lies  the  deep  valley  of 
(pdt  in  which  Reigate  is  situated,  and  immediately 
beyond  the  town  appears  the  elevated  ridge  of 
Sbaaklin  saod,  which  stretching  towards  the  west, 
BttaiDsatLeith-liillan  altitude  of  one  thousand  feet; 
and  to  the  east  forms  a  line  of  sand-hills,  by  God- 
stone  and  Sevenoaks,  through  Kent,  to  tiie  sea-ehore. 
The  Forest-ridge  occupies  the  middle  region,  ex- 
tending westward  towards  I{orsham,  and  eastward 
to  Crowbo rough-hill,  its  greatest  altitude,  and  from 
thence  to  Hastings,  having  on  each  flank  the  wealds 
of  Kent  and  Sussex  ;  while  in  the  remote  distance, 
the  unbroken  and  undulated  summits  of  the  South 
Downs  appear  tike  masses  of  grey  clouds  on  the 
vet^  of  the  horizon. 

Pursuing  his  route,  the  observer  passes  through 
Reigate,  along  the  valley  of  i/alt,  (see  Plate  9,  Sec- 
tion I.  2,)  and  over  the  Shanklin  sands  of  Gockshut- 
hill,  (3,)  and  arrives  at  the  commencement  of  the 
wealden.*  The  weald  clay,  (4,)  containing  beds  of 
fresh-water  limestone,  appears  at  Horley  common  ; 
and  while  in  the  commencement  of  his  journey  the 
roads  were  made  of  broken  chalk-flints,  and  at  Rei- 
gate of  cherty  sandstone,  the  material  here  chiefly 
employed  is  the  bluish-grey  calcareous  rock  of  the 
weald.  At  Crawley,  (5,)  sand  and  sandstone  appear, 
and  the  road  is  composed  of  grit  and  stone,  con- 
taining fluviatile  shells,  bones  and  plants.    Crossing 
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Tilgate  ForeH  and  HandcroBs,  over  a  i 
of  elevated  ridges  of  sandstone,  and  throughfl 
valleys,  produced  by  alternations  in  the  strata,  I 
descends  from  the  sandstone  ridge  at  llolDcy,  near 
Cucklield,  and  again  journeys  along  a  district  a( 
weald  clay  with  fresh-water  limestone  (4',  on  tite  Ufi). 
Shanktin  gand,  like  that  of  Reigate,  reappears  ai 
Hickatead  (3,  on  tke  left),  and  is  succeeded  by  a 
tract  of  gait  ('i,  on  tlie  left) ;  and  finally,  entering  a 
vale  of  chalk-marl,  he  reaches  a  defile  in  the  South 
Downs,  through  which  the  road  winds  its  way  to 
Brighton ;  the  traveller  having  in  the  course  of  his 
journey  passed  from  one  chalk  range  to  the  other, 
and  traversed  the  ancient  delta  of  the  weatden- 

33.  The  wealden.  —  The  tertiary  basin  of 
London  afforded  an  illustration  of  the  process  by 
which  materials  are  accumulated  and  organic  re- 
mains imbedded,  in  an  inland  sea, — that  of  Paris, 
of  marine  and  fresh-water  sediments,  deposited  in 
a  gulf  open  to  the  sea  on  the  one  side,  and  fed  by 
rivers  and  thermal  springs  on  the  other, — the  lacus- 
trine formations  of  Auvergne,  of  the  gradual  pre- 
cipitation of  strata  in  the  tranquil  waters  of  lakes, — 
the  chalk,  of  the  operations  which  have  taken  place 
in  the  profound  abyss  of  an  ocean, — while  the 
series  of  deposits  to  which  the  term  wealden  is 
applied,  presents  the  most  striking  example  of  an 
ancient  fluvjatilc  formation  hitherto  discovered. 
Yet  strange  as  it  may  appear,  although  the  wealden 
strata  are  spread  over  the  whole  area  between  the 
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North  and  South  Downs,  a  tract  of  country  tra- 
versed daily  by  hundreds  of  intelligent  persons  from 
the  metropolis,  tijeir  peculiar  characters  were  en- 
tirely unknotvn  fifteen  years  ago  ;*  the  whole  group 
being  supposed  by  geologists  to  belong  to  a  series 
of  marine  clays  and  sands  below  the  chalfc.f 

Before  entering  upon  the  description  of  thes^ 
strata,  I  would  remind  you  of  what  has  been  stated 
in  a  previous  lecture,  of  the  effects  of  rivers,  and 
the  nature  of  modern  fluviatile  deposits  (pp.  39,  40). 
We  found  the  deltas  of  rivers  to  consist  of  clay  (or 
indurated  mud),  alternating  with  beds  of  sand  and 
sandstone  (or  consolidated  sand),  and  containing 
leaves,  branches,  and  trunks  of  trees,  fresh-water 
shells,  works  of  art,  bones  of  man,  and  of  land 

•  "  Undi  lie  appearance  of  Dr.  MaiileH's  worfca  on  the 
Geolog7  of  Sussex,  the  ppculiar  Telations  of  the  BBadatoneB 
and  cUyi  of  the  interior  of  Kent,  Sussei,  and  Hsnipshire,  were 
entiret;  miauDdeisLaod-  No  one  Guppoaed  that  these  immenae 
BtriiU  were  altogether  of  a  peculiar  type,  and  interpolated  amid 
Ihe  rest  of  the  marine  fotmationa,  as  a  local  fresh -vater  deposit, 
of  which  only  very  faint  traces  can  be  perceived  in  other  parts  of 
England."— JVo>sior  Phillips,  Ency.  Met.  p.  631.  Art.  Gtalogy. 

"  It  was  not  until  the  appearance  of  Dr.  Mantell's  Illui- 
tratJons  of  tie  Geology  of  Suaaei,  in  1822,  that  the  lull  value 
of  Ihfl  evidence  which  Ihia  diatrict  atHirds  was  made  to  appear. 
In  that  work  the  author  clearly  showed  that  the  extraordinary 
remuns  which  he  had  discovered  in  the  beda  of  Tilgate  Forest 
most  have  originated  in  a  lake,  oi  estuary,  and  have  been  the 
produce  of  a  climate  much  warmer  than  that  which  is  now  en- 
Joyed  in  England."— Dr.  Fiilon's  Gealogij  e/Hiutingi,  p.  14. 

f  -See  Conybeare  and  Phillips'  Outlines  of  the  Geology  of 
lingUsd  wd.  iWaUi,  pf.  no,  155. 
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animals,  more  or  less  rolled,— with  boulders  ft 
(if  Traginenta  of  rooks,  transported  by  torrents  ft 
the   hilN,    or   washed   out   of  the   banks    by 
streams.      Let  us  now  suppose  that  by  ageni 
already  explained,  a  river  has  disapjwared,  that 
Hea  also  has  changed  its  place,  and  that  the  bed 
tlie  delta  of  the  river  have  become  dry  land  ; 
towns  and  villages  have  been  built  upon  the  con- 
solidated delta,  and  that  its  surface  is  either  clotfaed 
with  woods  and  forests,  or  niider  cultivation.    If 
sections   of    the    strata  were   exposed,    either  by 
natural  or  artificial  means,  and  the  bones  of  mea 
and  animals,  with    works  of  art,  and  remains  of 
plants  and  shells,  were  visible  in  the  clay  or  i 
stone,    such    appearances    would   excite  in  ui 
surprise,  because  we  are  acquainted  with  the 
cesses  by  which  such  accumulations  arc  formed" 
Should  an  inhabitant  of  the  new  country  express 
his  wonder  how  brittle  shells,  delicate  leaves,  and 
bones,  had  become  imbedded  in  the  solid  roob^' 
and  if  when  we  stated  the  mauner  in  which 
changes  bad  been  elfected,  he  sliould  not  Only  ' 
his  assent,  but  insist  that  the  shells,  leaves, 
bones,  were  merely  accidental  forms  of  the 
should  we  not  feel  astonished  at  hii  ignorance 
prejudice?    yet  not  a  century  since, 
opinion  almost  universally  prevailed,  and  i>  ei 
still  entertained  by  many !  *     And  farther,  if 
•  "At  Hawkliunt,  !n  the  wratd  of  Kent,  thttc  Utmtn  (Si 
mirhlc)   nhoiinj.      They  cotniat  of  levenJ  ismin*,  " 
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BSBumed  personage  admitted  that  the  i 
question  were  fossil  animals  and  vegetables,  but 
asserted  that  tbe;  had  been  entombed  in  the  strata 
by  a  general  deluge  which  had  softened  the  crust 
of  the  earth,  and  engulfed  in  the  sediment  of  its 
waters  the  remains  of  animated  nature, — should  we 
not  reply,  that  as  suck  a  catastrophe  must  inevitably 
have  mingled  together  the  remains  of  animals  and 
vegetables,  whether  of  the  land,  the  rivers,  or  the 
seas — the  regular  stratification  of  the  materials 
composing  the  delta,  and  the  exclusive  occurrence 
of  land  and  fresh-water  productions,  were  fatal 
to  such  a  supposition,  and  afforded  conclusive  evi- 
dence of  the  correctness  of  our  explanation  of  the 
phenomena  ?  —  by  such  a  train  of  reasoning  the 
Suviatile  nature  of  the  wealden  has  been  deter- 
mined. 

3i.  Wealden  oe  the  Sussex  coast. — From 
the  distribution  of  the  wealden  over  the  south-east 
of  England,  instructive  sections  have  been  formed 
by  the  action  of  the  sea  along  the  coast,  between 
Beachy  Head  and  Dover.  From  the  stupendous 
cliffs  of  Beachy  Head  the  chalk  extends  towards 
Sonthboum,  where  beds  of  gait,  glauconite,  marl, 

which  grow  shells,  or  rolher  half-shells,  having  the  appearance 
of  peiiwinklea  of  diSeient  magnitudes,  according  to  the  timo  of 
their  gronth.  These  stones  naturall;  grow  in  the  earth,  and 
the  iheUs  upon  them,  and  are  another  certain  jtraif  that  iheUi 
are  getia-ated  in  the  earth,  at  well  <u  in  the  ma,  and  that  there  is 
mutectttary  eonneiim  bettBeen  a  ihell  aid  on  animal."  (I  I)  — 
NalmviHirttrtifEitglmd,  p.  19S,y<>i.L  17». 
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and  Shanklin-sEind,    successively  emerge,  tornaaf   I 
the  base  of  the  sliore,  and  abounding  in  their  dor 
racteristic  marine  fossils.     Passing  over  Feveoaef 
'  Levels,  the  boundary  of  which,  on  the  aea-aidci '»  j 

obscured  by  modern  shingle,  we  arrive  at  BexliiU  J 
and  Bulverhithe,  and  find  the  cliffs  composed  of  I 
finely  laminated  sandstone  and  clays ;  and  t 
of  St.  Leonard,  of  similar  strata,  more  estenuve^ 
developed :  sands  and  clays  separated  into  vcff 
thin  laminte,  alternate  with  conglomerates)  indt* 
rated  sand-rock,  and  a  fine  sandstone,  of  gmX 
compactness,  called  ffrie.  At  Hastings,  sand  a 
clay,  with  interspersions  of  lignite,  laminated  shaki  | 
grit,  and  sandstone,  constitute  a  long  line  of  iaf^ 
cliffs.*  The  general  resemblance  of  these  strata 
to  fluviatile  accumulations  is  most  striking ;  the 
laminated  structure  of  the  clay  and  shales,  the 
constant  intermixture  of  minute  portions  of  lignite, 
the  absence  of  pebbles  and  shingle,  and  the  alter- 
nations of  mud  and  sand,  are  lithological  characters 
constantly  observable  in  river  deposits.  To  the 
west  of  Hastings  a  fine  mass  of  the  strata,  com- 
prising several  layers  of  the  calciferous  grit,  alter- 
nating with  friable  sandstone,  was  formerly  exposed 
on  the  sea  shore,  having  at  a  very  remote  period 

*  See  an  excellent  li(tle  voluine  on  these  clifis,  "  A  Gaidf  u 
thi  Oiehgs  .^Haitingir  by  W.  H.  Filton,  Esq.  M.D.  F.RS.  »t 
"The  Geology  vl the  S on th- esst  af  England"  coulaioi  a  num 
■ecliona,  and  full  details  of  iht)  geologies!  structure  of  tbii  in* 
teieititiB  district.  ^ 

1^1  ^ 
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been  separated  from  the  adjacent  cliff.  The  action 
of  the  waves  had  bleached  the  projecting  layers  of 
grit,  from  which  circumstance  the  mass  obtained 
the  name  of  "  White  rock.''    The  late  improvements 


at  St.  Leonard's  have  removed  all  traces  of  this 
outlying  portion  of  the  Hastings  beds.*  The  nature 
of  the  organic  remains  with  whicli  the  strata  abound 
will  be  considered  hereafter. 

35.  PouNCEFOBD. — In  the  interior  of  the  country, 
the  quarries  opened  along  the  ridges  formed  by  the 
compact  grit,  afford  various  instructive  sections;  and 
the  valleys,  eroded  by  the  streams,  expose  the  shales 

'  Geobey  of  (he  Soulh-Eaat  of  England,  p.  194. 
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and  laminated  clays.  Founceford,  on  the  estate  of 
Lord  Agfaburnham,  on  the  rood  to  Burwash,  iu 
Sussex,  presenta  several  highly  interesting  sections 
of  the  argillaceous  beds  and  limestones.  Desoecd- 
ing  through  a  defile  in  the  sandstoDes,  we  arrive  si 
the  bottom  of  a  glen,  along  which  a  rapid  stream, 
that  bursts  out  from  between  the  clay-partings, 
rushes  to  a  distant  and  lower  valley.  On  each  tiile 
openings  are  made,  to  arrive  at  a  greyish  blue  lime- 
stone abounding  in  shells,  which  is  employed  on  thr 
roads,  and  is  also  oonverted  info  lime  for  agricultural 
purposes.  Where  the  stuue  lies  deep,  shafts  srr 
sunk  from  ttie  surface,  and  after  the  extraotioD  of 
the  limestone,  tiiey  are  deserted  and  filled  up.  Tliii 


Tib,  on,— CHY  WITH  jh«i,l«,  n.au  FaDicinaD,Sniuxi1^| 
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spot  is  highly  interesting  and  picturesque  ;  iaentt- 
ing  springs  issue  from  the  limestone  beds,  and  de- 
posit tufa  on  the  mosses,  equiseta,  and  Und-ihelli: 
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UiousBndB  of  foHBil  shells  are  strewn  over  the  clay 

Ud  shale ;  and  stems  of  plants,  scales  of  fishes, 

[(teeth  of  crocodiles,  and  other  rGmaius,  ai'e  seen 

^Imbedded  in  the  stone;    while  the  banks,  where 

r  newly   exposed,    exhibit    numberless   laminEe   and 

[  .riteroations  of  shale,  clay,  and  layei's  of  testaceous 

[  temains.*      In  a  visit  to  this  place  with  my  friend 

Mr.  Lyell,  in  1S31,  many  new  species  of  shells  were 

found  in  the  bed  of  the  stream,  having  been  washed 

out  of  the  banlcB  of  clay  ;  and  we  collected  teeth  of 

crocodiles,  and  bones  of  fresh-water  turtles,  and  of 

Other  reptiles.     Several  species  of  m/clat  (a  fresh- 

voter  bivalve  sliell),  and  a  spiral  univalve,  were 

abundant   in  the  clay  (Tab.  66) ;    and  a  muscle, 

(named  Mytilus  LyellU,  to  commemorate  our  ex- 

earsion.  Tab.  77,  fig.  8,)  also  a  fluviatile  species, 

vas  found  in  a  maaa  of  shale  that  had  fallen  into  the 

As  the  grit,  or  calciferous  sandstone  of 
weal  den,  forms  an  excellent  road- mate  rial, 
quarries  along  the  principal  lines  leading  from  the 
metropolis  to  the  south-eastern  coast,  are  very  ni 
roua  ;  and  those  spread  over  the  area  of  Tilgate 
and  St.  Leonard's  Forests  have  been  extensively 
worked  since  the  increased  communication  between 
London  and  Brighton.  This  district  may  be  de- 
scribed as  bounded  on  the  west  by  the  London 
roads  leading  through  Horsham,  and  on  the  east 

"  SoeFossilBot'TilgateForest,  p.47.  Geolog)' of  the  Sonth- 
£utof£Dgluid,p.22. 
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xbich  pass  by  Linfield,  and  Cuckfic^d;  the 
road,  as  previously  meatioDCil,  trBvening 
orest.     These  iocalities,  particularly  tliat 
i,  have  acquired  much  celebrity  for  their 
-emains,  from  having  been  the  principal 
I  hence  the  specimens  figured  in  my  first 
an  the  "  Foasila  of  Tilgate  Forest,"*  were 
3d  ;  but  every  quarry  throughout  the  Forest- 
I  from  Loxwood  in  w(  stern  Sussex,  to  Hu- 
gs, will  be  found  to  yiel'   the  peculiar  fossils  of 
lie  nealden  more  or  less  al    indantly. 

36.  Subdivision  and  estent  of  the  wkaldbn. 
— The  wealden  may  be  diyided  into  several  groups, 
each  characterised  by  the  nature  of  the  strata,  and 
the  prevalence  of  certain  kinds  of  fossils ;  but 
throughout  the  whole  series,  the  Auviatile  character 
of  the  formation  is  maintained  :  in  the  lowermost 
part  of  the  series  only  are  there  any  intrusions  of 
a  marine  or  estuary  nature.  Although  it  is  not 
within  the  scope  of  these  lectures  to  enter  upon 
minute  details  of  stratification,  it  will  be  necessary, 
for  the  elucidation  of  the  subject,  to  point  out  the 
principal  subdivisions  of  this  extensive  system  of 
freah- water  deposits.f 

I.  Weald  clat  (the  uppermmi  or  laleit  dcpoal). — Stiff  blue 
cliy,  witit  BE  ptarU,  argillaceous  ironstone,  and  beds  of  shell} 
limestone,  called  Sussex  or  Pelwerth  marbit.  (See  the  seo- 
tioB  PI.  9,  fig.  I.  *.) 

•  See  Fugsila  of  Tilgate  Forest,  p.  SI. 

t  Geolaejofthe8auth-EaEtofEiigU&4,p.l82. 
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2^  'HAitDfCHi  BED6.-^and  and  sandstones,  with  calcifeious  grit, 
i  m.^aXg^-iifimy  alternating  with  clays  and  limestones. 

^  AvHBUiurHiiM  BEDS. — Clays,  shales,  and  bluish-grey  lime- 
stones and  sandstones. 

4.  PuEBECK  BEDS. — Clajs,  sandstones,  and  shelly  limestone, 

"  4BMXi)BA  Purbeek  marble,.  Limestone,  with  layers  of  vegetable 
,  mould,  and  tnmks  of  trees  in  a  vertical  position — the  petri? 
tied  Forest  of  Portland. 

Such  is  the  assemblage  of  deposits  which  the 
temi  wealdeii>  ^rst  employed  in  this  acceptation  by 
Mr.  Martini*  is  intended  to  denote.  Clays^  and 
limestone  almost  wholly  composed  of  fresh- water 
snail-shells,  occupy  the  uppermost  place  in  the 
series ;  sand  and  sandstones,  with  shales  and  lignite, 
prevail  in  the  middle ;  while '  in  the  lowermost, 
argillaceous  beds,  with  shelly  marbles  or  limestones, 
again  appear ;  and,  buried  beneath  the  whole,  is  a 
petrified  forest,  in  which  the  trees  are  still  standing, 
and  the  vegetable  mould  undistdrbed  I  The  upper 
clay-beds  and  marbles  form  the  deep  valleys  or 
wealds  of  Kent  and  Sussex— ^the  middle  series  con- 
stitutes the  forest-ridge.  The  Purbeck  are  ob- 
scurely seen  in  some  of  the  deepest  valleys  of 
eastern  Sussex;  they  emerge  on  the  Dorsetshire 
coast,  form  the  island  or  peninsula  whose  name  th^ 
bear,  and  surmount  the  northern  brow  of  the  Isle 
of  Portland.  At  the  back  of  the  Isle  of  Wight, 
the  wealden  beds  appear  beneath  the  Shanklin 
sands;  and  their  characteristic  fossils  are  conti- 
nually washed  up  on  the  shore  at  Bropk-point 

*  Martin's  Geology  of  Western  Sussex; 

A  A 
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Dr.  Fitton*  haa  traced  the  wealden  beds,  or  ta&tt 
the  lowermost  division,  the  Purbeck,  in  the  vole  of 
Wardour,  which  is  a  valley  of  denudation,  in  the 
south  of  Wiltshire,  like  that  of  the  South-cast  o( 
England,  on  a  small  scale.  In  this  valley  the  Tsrl- 
ous  members  of  the  chalk  occur  in  their  regular 
order  of  superposition,  resting  on  clay  and  Purbeek 
limestone,  and  having  the  Portland  stooe  beaeatb.f 
In  France,  on  the  coast  of  the  Lower  Boulonnait, 
and  in  the  valley  of  Bray  near  Bcauvais,  strata  of 
a  like  character  are  observable ;  the  Sussex  marUt 
(^lumackelle-a-paludities),  and  a  fern  peculiar  to  the 
wealden,  have  been  discovered  by  M.  Graves  of 
Beauvais,  to  whom  I  am  indebted  for  specimeu, 
It  is  probable  that  the  wealden  may  have  extended 
over  a  still  larger  area,  for  the  same  fossil  plant 
{Imtchopteris  Mantellii,  Tab.  73)  has  been  found  in 
strata  beneath  the  green-sand,  in  Sweden,  by  Pro- 
fessor Nillson,  who  informed  me  that  several  of 
the  fossil  plants  from  Tilgate  Forest  were  analo- 
gous to  specimens  he  had  collected  in  the  little 
island  of  Bornholm,  off  the  Danish  coast.  Without 
implicitly  relying  upon  these  observations)  the 
wealden  may  be  considered  as  covering  an  area 
200  miles  in  length  from  west  to  east,  and  S20 
miles  from  north-west  to  south-east ;  an  extent  bat  - , 
little  exceeding  the  delta  of  the  Ganges  c 

*  Consult  Dr.  Fillon'a  Memoir  "On  the  Beds 
Chsiki"  Geological  TrangactionB,  J837. 
t  Ibid.  p.  42*. 
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if  ississtppi,  and  surpassed  by  that  of  tlie  Quorra, 
irhich  forms  a  surface  of  2,^,000  square  miles,  being 
•qual  to  tho  lialf  of  England.  The  total  thickness 
ff  the  wealden  deposita  averages  about  2000  feet.* 
37.  Quarries  of  Tilgate  Forest. — The  quar- 
ries of  Tilgate  Forest,  where  the  calciferous  grit  is 
Vorked)  present  tlie  following  series  of  strata : — 

'1,    VpprrniBst.     Loam  or  cIbj — from  one,  to  fixe  ol  eix  ftet  in 

depth.  Destitute  of  foaaili. 
i,  Suidatone — friable,  of  vsrioui  shades  of  ikwn,  yellow,  and 
ferruginous  colour!  in  laminff,  or  ihin  iBjera,  occasionally 
OQtaining  organic  romaina  and  pebbles, — eight  feet  illicit. 
t.  Caicifmat  gril,  or  Tilgale  iloiie — u  very  fine  sandstone, 
farmed  of  aaiid  cemented  together  by  calcareous  spar ;  it 
occurs  in  large  masses  of  a  conuretional  form,  imbedded  in 

I         Boft  sandstone.      This  grit  has  evidently  been  formed  of 

j  loose  sand,  by  the  percolation  of  water  charged  with  calca- 
reoua  matter}  it  abounds  in  bones  and  teeth  of  reptiles; 

I         itemi  and  leaves  of  plants  ;  shells,  &c 

I  4.  Sandstone,  with  concretionary  masses  of  grit  and  conglo- 

I  merate  formed  of  rolled  pebbles  of  sandstone,  jaeper, 
quartz,  indurated  clay,  bones  anil  teeth  of  reptiles,  and  of 
fishes  i  rolled  massea  of  the  grit  and  sandstone  are  found  in 
this  conglomerate;  the  oiganic  remains  which  it  contains 
are  generally  much  waler-woro. 

,  i.  Blue  clay  and  marl— depth  unknown. 

Such  is  the  usual  character  of  the  strata  exposed 
in  the  quarries  around  Bolney,  Cuckfield,  Linfield, 
&C.  Near  Horsham  the  fawn-coloured  sandstone 
ia  more  compact,  and  possesses  a  slaty  stnicture. 
The  thin  slates  are  used  for  roofing,  and  the  thicker 
'  Ijeda  afford  good  paving-stone ;  their  surfaces  are 
•  Dr.  Fitton. 
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sometimes  deeply  furrowed  by  ripple-morks — an  ap- 
pearance on  which  I  will  offer  a  few  observatioDS. 

38,    RlPPLE-MAHKS    ON  SANDSTONE. — The  ftlT- 

rowed  Bandstone  and  grit  which  are  used  for  paving 
in  Horsham,  Crawley,  and  other  towns  and  villages 
on  the  Forest-ridge  atid  Tilgate  Forest,  must  ha'e 
attracted  the  attention  of  most  persons  who  hsve 
travelled  from  Brighton  to  Londoo.  The  surfsce 
of  these  slabs  is  similar  to  what  may  be  observed 
on  the  sand  along  the  sea-shore  at  low  water, 
when  the  ripple  from  the  receding  waves  has  been 
well  marked ;  the  appearance  has  arisen  from  i 
similar  cause  (see  p.  43).  In  many  instances  tllB 
stone  is  so  rough  as  to  be  employed  in  stable-yaidjf 
where  an  uneven  surface  is  required  to  prevent  Vt4 
feet  of  animals  from  slipping  in  passing  over,  ] 
sometimes  happens  that  when  a  large  area  of 
quarry  is  cleared  from  the  smi  which  covers  it, 
most  interesting  appearance  is  presented,  the  vrhdl 
surface  being  rippled  over  like  the  strand 
sea-shore  ;  and  the  spectator  is  struck  with  the  coiii 

viction  that  he  is  standing  on  the  sands  of 

ancient  delta  or  estuary,  which  are  now  turned  ijUft 
stone.  Sometimes  the  furrows  are  deep,  efaowiU 
that  the  water  was  much  agitated,  and  the  ripph 
strong ;  in  other  instances  the  undulationa  sri 
gentle,  and  intersected  by  cross  ripples,  proving  i 
change  in  the  direction  of  the  waves.  Some  eli 
are  covered  by  slightly  elevated,  longitudiiial  rid( 
of  sand,  made  up  of  gentle  risings,  dbposed  ia 
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eresceat-Uke  manner  ;  these  have  been  produced 
by  the  rills  which  flow  back  into  the  sea,  or  river, 
ftt  low  water.  In  other  examples,  the  surface  ia 
narked  by  angular  ridges  irregularly  crossing  each 
Vther,  like  the  fissures  in  septaria  ;  these  have  obvi- 
ously been  caused  by  deposition  into  crevices  pro- 
duced in  sand  or  mud  by  desiccation.  A  considerable 
portioa  of  stone,  the  smooth,  as  well  as  the  furrowed 
Rurfaces,  is  covered  with  small,  subcylindrical  mark- 
,  bigs,  wbich  are  the  trails  formed  by  some  species 
'  of  vermes,  or  mollusca ;  but  1  have  searched  in 
I'Vain  for  the  foot-marks  of  the  reptiles  whose  bones 
hre  so  abundant  in  the  sandstone.  The  frequent 
occurrence  of  impressions  of  the  feet  of  animals  in 
the  rippled  sandstone  of  other  formations,  renders 
it  probable  that  sooner  or  later  the  tracks  of  the 
iguauodon  and  of  the  hyla<0SBuru9  will  be  discovered 
on  the  Tilgate  sandstone.  The  deepest  furrows  have 
generally  a  slight  coating  of  bluish  clay,  charged 
vith  minute  portions  of  lignite,  and  other  vegetable 
matter;  an  appearance  which  has  been  occasioned 
by  the  streams  from  the  shore  that  have  flowed  over 
and  coated  the  rippled  sand.  The  furrowed  sand- 
etone  presents  an  interesting  example  of  the  perfect 
limilarity  of  a  natural  process  in  periods  separated 
from  each  other  by  an  immense  interval  of  time.* 

*  For  a  particular  account  of  the  Wealden  B 
■outh-east  of  England,  see  "  6eolog;y  of  the  South-East  of 
England;"  and  the  "  FoBsiU  of  Tilgate  Forest."     Foi  their 
nature  ud  diatribuliDn  iu  Wilts,  &c  see  Dr.  FitCan'a  Memoir. 


t_ 


,158  THE  WONDEaBOF  GEOLOOT.  tici.l?.      ' 

39.  Wealden  of  the  Isle  op  Wight, — D*. 

poeits  partaking  of  the  characters  of  those  I  have 
described,  appear  at  the  back  of  the  Isle  of  Wight, 
and  form  the  lowennost  strata  throughout  the 
southern  half  of  the  island.  Clay,  identical  with 
the  weald  clay,  and  containing  Susses  marble,  tnav 
be  seen  at  Handover  bay,  within  a  few  handred 
yards  of  the  chalk,  and  estending  into  Red-diffi 
and  also  at  the  junction,  on  the  east  of  Freah-water 
bay,  where  the  clay  abounds  in  the  minute  ^ieldi 
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of  cyprides.  At  Brook-point,  the  cliffs,  which  are 
about  thirty  feet  high,  are  formed  of  clay,  with 
inferior  beds  of  soft  sandstone ;  they  contain  lignitet 
and  vegetable  remains  strongly  impregnated  with 
pyrites.  Trunks  of  trees,  of  a  coaly  blacLoess,  aie 
seen  imbedded  in  the  clay  of  the  clifi',  (Tab.  67,  o.) 
and  scattered  on  the  shore.  In  many  of  the  sterna 
Di.  Fitton.  Gcalogical  Tranaactioni,  voL 
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<&*!  ligneous  structure  is  beautifully  preserved,  aiiiJ 
keined  with  pyrites — other  portions  resemble  jet. 
IThe  strand  at  low  water  is  seen  to  be  formed  of 
ueae  fossils ;  and  upoD  removing  the  sea-weeds 
jvhicli  grow  on  the  siiore,  the  petrified  trees  occur 
Imbedded  in  masses  of  clay,  which  have  become 
jindurated,  and  are  now  iu  the  state  of  an  argilla- 
ifeeoua  rock :  the  alema  are  from  one  to  two  feet  in 
.^ameter,  and  eight  or  ten  feet  long.  The  knotty 
|tiark  and  ligneous  fibre  are  very  distinct*  Bones 
of  the  iguanodon  and  other  gigantic  reptiles  are 
frequently  found  on  the  shore  at  Sandover-bay  and 
Brook-point,  being  washed  out  of  the  beds  of  the 
wealden,  which  there  form  part  of  the  basin  of  the 
iSritish  Channel. 

40.  Isle  op  Puhbeck, — The  wealden  beds  are 
next  seen  in  the  IbIc  of  Purbeck,  which  lies  on  the 
DorsetBhire  coast,  and  is  of  an  irregular  oval  form, 
being  twelve  miles  in  length,  and  seven  in  breadth. 
On  the  eastern  promontory,  vertical  strata  of  chalk 
occur,  and  beds  of  clay,  sandstone,  and  limestone 
lie  under  the  displaced  chalk;  towards  the  southern 
'  extremity  of  the  island,  the  Portland  limestone 
appears.f 

Purbeck  has  long  been  celebrated  for  its  quar- 
ries, which  have  been  worked  from  time  inime- 
'  morial,  and  particularly  during  the  middle  ages,  the 

•  From  Mr.  Webiter'*  inteteBting  Bccount  of  lie  Geology  of 
thelileofWighL 

i  CooybeM*  and  Pkillipa. 


compact  varieties  of  limestone,  which  bear  a 
jiolish,  liaving,  uuder  the  name  of  Purbedt 
been  in  great  request  for  the  religious 
that  period ;  and  there  is  scarcely  a  cathedral 
ancient  church  in  the  kingdom,  that  is  not  oi 
roented  with  columns,  pavements,  or  aepuic 
monuments,  construuted  of  this  material. 
Purbeck  limestone  abounds  in  organic  rems 
and  the  marble  is  a  congeries  of  small  fresh-n 
snail-shells  (paludina),  intermixed  with  tbe  mil 
crustaceous  coverings  of  a  species  of  cgpris.  H< 
interesting  is  the  reflection,  that  the  beautiful  cliul 
columns,  the  richest  ornaments  of  Chichester  cat 
dral,  are  entirely  composed  of  the  shelly  coi 
of  snails  and  cruatacea  which  lived  in  the  river  fl| 
country  inhabited  by  extinct  colossal  reptiles  ! 


/,  Piubeck  bcila;  g,  PaiUsnd  lb 

The  vertical  position  into  which  so  coasidera 
a  portion  of  the  strata  has  been  thrown,  gives  r 
to  interesting  sections  in  the  coves  on  the  west^ 
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llde  of  the  island ;  and,  in  the  precipitous  clifia  of 
those  b&aios,  the  chalk,  weald,  Purbeck,  and  Fort- 
iad  strata,  although  vertical,  may  be  seen  in  their 
^ular  order  of  succession,  as  is  shown  in  this 
^Bgrara  (Tab.  68).  No  fewer  than  uiue  sections 
it  the  beds  between  th<?  chiUlf  and  Portland  stone 
jthe  upper  division  of  the  oolite,  of  which  I  shall 
nealc  in  the  next  lecture)  are  visible  within  the 
ice  of  five  miles,  in  the  small  bays  by  which  the 
joast  is  indented.* 

41.  Petrified  forest  ov  the  Isle  of  Poht- 
iAND. — The  island,  or  peninsula,  of  PortlaDd  is  a 
bold  headland,  off  Weymouth,  about  four  miles  and 
k  half  in  length,  and  two  in  breadth,  and  is  united 
M  the  main  laud  by  the  Chesil  beach.  It  presents  a 
precipitous  escarpment  on  the  north,  and  dcchuing 
jlowards  the  soutli,  appears,  on  approaching  it  from 
•file  Dorchester  coast,  lilte  an  inclined  plane,  rising 
kbruptly  from  the  ocean.  The  southern  extremity 
is  flanked  by  low  calcareous  cliffs,  which,  from  the 
tuonstant  action  of  the  sea,  are  worn  into  hollows 
Ud  caverns.  The  base  of  the  island  is  formed  of 
b  blue  clay  {^Kimmeridge  day),  surmounted  by 
tbick  beds  of  the  oolitic  limestone,  known  as  the 
Portland  stone,  and  which  is  extensively  quarried 
IDO  the  northern  brow  of  the  island. 
L  On  this  oolitic  limestone  are  fresh-water  strata 
fthe  lowermost  beds  of  the  wealden  formation), 

I'   •  Dr.  Fitton,  p.  215.    See  Conjbeare  and  PhUlipi'  Geology 
England,;),  15S. 


[ 


.162 


E  WONDERS  OF  GEOLOGY. 


which  are  characterised  hj  pheaomeoa  of  the 
highest  interest.  Mr.  Webster,  in  his  admirable 
geological  memoir  on  the  lale  of  Wight,  first  di- 
rected attention  to  these  remarkable  deposits.  L'poi 
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the  upper  layer  of  marine  limestone  (Tab.  69,  ^ 
which  abounds  in  animonitea,  trigoDiee,  and  otber 
characteristic  shells  of  the  oolite,  is  a  fresb-vater 
limesto  ne,  covered  by  a  layer  of  ^ittmufOM  tmA, 
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or  vegvUAle  t/iould  (4),  which  (as  you  may  perceive 
from  these  specimens,  collected  a  few  years  since,) 
is  of  a  dark  brown  colour,  contains  a  large  propor- 
tion of  earthy  lignite,  and,  like  the  modem  soil  on 
the  surface  of  the  island,  many  water-worn  stones, 
TTiia  layer  is  termed  the  dirt-bed  by  the  workmen  ; 
and  in  and  upon  it  arc  trunks  and  brauches  of  coni< 
ferouB  trees,  and  plants  allied  to  the  recent  cycas 
and  zamia.  Many  of  the  trees,  as  well  as  the  plants, 
are  still  erect,  as  if  petriiied  while  growing  undis- 
turbed in  their  native  forests,  having  their  roots  in 
the  soil,  and  their  trunks  extending  into  the  upper 
liineatone  (see  Tab.  69,  4).  As  the  Portland  stone 
liea  beneath  these  strata,  which  are  not  much  used 
for  economical  purposes,  the  fossil  trees  are  re- 
moved, and  thrown  by  as  rubbish.  On  my  visit  to 
the  island  in  the  summer  of  1832,  the  surface  of  a 
lai^e  area  of  the  dirt-bed  was  cleared,  preparatory 
to  its  removal,  and  a  most  striking  phenomenoa  was 
presented  to  my  view.  The  floor  of  the  quarry 
wa*  literally  strewn  with  fossil  wood  j  and  I  saw 
before  me  a  petrified,  tropical  forest,  the  trees 
and  the  plants,  like  tlie  inhabitants  of  the  city  in 
Arabian  storj',  being  converted  into  stone,  yet  still 
maintaining  the  places  which  they  occupied  when 
alive  I  Some  of  the  trunks  were  surrounded  by 
a  conical  mound  of  calcareous  matter,  which  had 
evidently  once  been  earth,  and  had  accumulated 
around  the  bases  and  roots  of  the  trees.  The  stems 
generally  three  or  four  feet  high,  their  summits 
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being  jagged  aad  splintered,  as  if  they  had  b 
torn  and  wrenched  off  by  a  hurricane, — an  appeu- 
ance  which  many  trees  in  this  neighbourhood,  tHa 
the  late  atorm,  strikingly  resembled.     Some  of  the 
trunks  were  two  feet  in  diameter ;   and  the  united  , 
fragments  of  one  tree  measured  upwards  of  thirty  I 
feet  in  length ;    in  other  specimens,  branches  were  I 
attached  to  the  stem.     In  the  dtrt-bed,  there  wew  I 
many   truuks    lying   prostrate,   and   fragmeDt^  of  I 
branches.     The  fossil  plants  are  called  CyeadmelM  | 
by  Dr.  Bucbland,  from  their  analogy  to  the  receat 
cycas  and  zamia;*    but   M>  Adolpbe  Bntngniait 
has  established  a  new  genus  for  their  reception) 
which  he  has  named  Mantellia.     The  plants  oo< 
curred  in  the  intervals  between  the  trees;  and  the 
dirt'bed  was  so  little  consolidated,  that  I  dug  op 
with  a  spade,  as  from  a  parterre,  several  speeiroew 
that  were  standing  on  the  very  spot  in  which  they 
grew,  having,  like  the  columns  of  Puzzuoli  (Tab. 
14:),  preserved  their  erect  position  amidst  all  the 
revolutions  which   had  subsequently  taken   place, 
and  beneath  the  accumulated  spoils  of  number- 
loss  ages.      The  trees  and  plants  are  completely 
petrified    by   ailex,    or  flint :    you    perceive    that 

■  These  plants  aic  bo  common  in  green-housea,  tbal  their 
fonni  muil  be  well  known.  In  the  eoinerntorie>  of  the  Coli- 
>eum,  ia  the  Regent's  Puk,  are  fine  eiunplea  of  the  dracsni, 
yucca,  cycaa,  uid  several  ipeciei  of  palms,  ullietl  to  the  fotnl 
plants  of  Tilgale  ForeiL  The  magnificent  collectioB  of  jainu 
of  the  MeBBrs.  Loddige,  of  Hackney,  is  alluded  to  in  mj  work 
on  the  Fossil»or  Tilgale  Forest. 
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wrks  are  emitted  upon  striking  a  piece  of  steel 
{th  this  fragirieDt  of  wimt  was  once  a  delicate 
it ;    the  common  forms  of  the  fossil  cvcadea, 


{Mantellia  mdiformia  of  lirongniart,  Tab.  70),  are 

called  crows'  nests  by  the  quarry-men.     Our  limits 

will  not  admit  of  a  more  extended  notice  of  these 

*  Di.  fiucklsnd'a  Br%ew>ter  Eimj^  PI.  eO. 
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extraordioary  phenomena,  and  I  refer  you  to.| 
memoirs  of  Mr.  Webster,  Dr.  Fitton,  and  Dr.  B« 
land.  From  what  has  been  stated,  it  ia  « 
lliat  after  the  marine  strata  forming  the  base  of  | 
Isle  of  Portland  were  deposited  at  the  bottoca  al 
deep  sea,  and  had  become  consolidated,  the  bed), 
that  ocean  was  elevated  above  the  level  of  ( 
waters,  became  dry  land,  and  covered  with  forei 
How  long  tbid  new  country  existed,  cannot  ' 
ascertained ;  but  that  it  flouriahed  for  a  conaidenl 
period  ia  certain,  from  the  number  and  magnita 
of  the  trees  of  the  petrided  forest.  In  the  Isk 
Furbeck,  traces  of  the  dirt-bed,  with  the  trunki- 
trees,  are  seen  beneath  the  fresh-water  lim 


of  tbe  weald ;   a  proof,  that  before  the  depositti 
of  the  Purbeck  marble  eould  have  taken  place,  tt 

■  Dr.  Buckluid. 
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petrified  forest  must  huve  sunk  to  the  depth  of  many 
hundred  feet  A  highly  interesting  section  occurs 
on  the  east  of  Lulworth  Cove  (Tab.  71).  It  pre- 
sents a  portion  of  the  dirt-bed,  with  petrified  trunks 
of  coniferous  trees,  standing  in  the  black  mould  in 
which  they  grew  (2),  interposed  between  the  fresh- 
water Purbeck  slate  above  (1),  and  the  marine  Port- 
land limestone  below  (3);  the  whole  of  the  strata 
being  in  an  inclined  position.* 

4^,  Modern  submerged  forest. — An  inter- 
esting  modern  example  of  the  subsidence  of  a  con- 
siderable tract  of  country  clothed  with  forests,  the 
trees  remaining  erect,  although  submerged  beneath 
a  river  which  still  flows  over  them,  is  described  by 
a  late  American  writer,  and  will  serve  to  illustrate 
the  preceding  remarks.  The  whole  district,  from 
the  Kocky  Mountains  on  the  east  and  the  Pacific 
Ocean  on  the  west,  and  from  Queen  Charlotte's 
Island  on  the  north  to  California  on  the  south, 
presents  one  vast  tract  of  volcanic  formation. 
Basalt,  both  columnar  and  in  amorphous  masses, 
veins  and  dykes,  every  where  occurs,  and  craters  of 
extinct  volcanoes  are  still  visible.  Elevations  and 
dislocations  of  the  strata  have  taken  place  on  an  im- 
mense scale ;  and  successive  beds  of  basalt,  amyg- 
daloidal  trap,  and  breccia,  prove  the  alternation  of 
igneous  action  and  periods  of  repose.  Within  a  few 
jkWea  of  the  cascades  of  the  river  Columbia,  and 
extending  upwards  of  twenty  miles,  trees  are  seen 
*  Bridgewater  Essay,  vol.  ii.  p.  97. 
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in  their  natural  position,  in  &  d^th  of 

f  IK  n  twenty  to  thirty  feet.     The  trees  retell 

»h,  fir  fresh-water  mark,  which  is  fifteen  fwe 

lowest  level  of  the  tide  ;  but  they  do  not 

»eyond  the  freshet  rise,  above  which  their 

nre  decayed  and  gone.     In  many  places  the 

ire  BO  numerous,  that  "we  had  to  pick  onr 

'  with  the  canoe,  as  th       ^h  a  forest.    The  irater 

;tte  river  was  so  clear,  tnat  the  positioD  of  the 

iree»  could  be  distincti;^  see    lown  to  their  spreading 

roots,  and  they  are  standing  as  in  their  natural  state     ' 

before  the  country  had  become  submerged.     Their 

jndistnrbed  position  proves  that  the  subsideDce  miut 

nave  taken  place  in  a.  tranquil  manner."  * 

43.  Fossils  of  the  wealden. — The  organic 
remains  of  the  wealdcn  consist  of  leaves,  stems  and 
branches  of  plants  of  a  tropical  character  ;  bone^  of 
enormous  reptiles  of  estinct  genera,  of  crocodiles, 
turtles,  flying  reptiles,  and  birds ;  of  fishes  of  several 
genera  and  species ;  and  Auviatile  shells  and  cm«- 
tacea.  The  bones  are,  for  the  most  part,  broken 
and  rolled,  as  if  they  had  been  transported  from  a 
distaace.  Tliey  are  etrougly  impregnated  with  ii«B, 
and  are  commonly  of  a  dark-brown  colour;  their 
cavities  are  frequently  filled  with  white  eryataUiEed 
carbonate  of  lime.  The  bones  in  the  looae  sand 
and  sandstone  are  often  porous  and  friable ;  those 
in  the  Tilgate  grit   are    heavy,   brittle,   and  well 

*  Jounul  of  an  Eifdoring  Tour  beyond  the  BoAky  H«iiii- 
Hi,"  br  the  R<T.  Sinniel  Fark«r,  A.  U.    Hea  ITtrk.     lUB. 
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lerved ;  in  fractured  portions  imbedded  in  the 
itoae,  the  interstices  are  filled  with  calcareous 
lar,  and  the  cancellated  structure  of  the  bones  is 
'ten  permeated  by  the  same  substance.  Tlie  fossil 
fVegetables  occur  bituminized,  and  in  the  state  of 
sandstone  ;  the  stems  and  branches  arc 
fpotiLetimes  silicified ;  carbonized  leaves  and  twigs 
abundant  in  some  of  the  strata.  The  shells  in 
tbe  clays  have  undergone  but  little  change,  and  in 
■jBany  examples,  the  epidermis  still  remains ;  in  the 
limestone,  the  substance  of  tlie  shell  is  converted 
Jnto  spathose  carbonate  of  lime.  With  these  general 
iremarks,  I  pass  on  to  the  eoumeration  of  the  prin- 
cipal organic  remains. 

44.  Fossil.  VEGETABLES — FERNS. — From  the 
abundance  of  the  carbonaceous  remains  of  vege- 
.tables  in  many  of  the  laminated  shales  and  clays 
of  the  wealden,  and  the  occurrence  of  lignite,  or 
brown-eoal,  in  masses  and  layers,  which  sometimes 
alternate  with  beds  of  stoue  abounding  in  fresh- 
water bivalves,  a  striking  analogy  is  presented  to 
some  of  the  divisions  of  the  coal  measures;  and 
many  years  since,  this  resemblaoce  gave  rise  to  a 
search  for  coal  at  Bexhill,  which,  of  course,  proved 
abortive.*  But  notwithstanding  the  prevalence  of 
vegetable  matter  in  the  strata,  specimens  exhibiting 
the  nature  of  the  original  plants,  in  any  tolerable 
degree  of  preservation,  are  Tare ;  and,  although  my 
England,  p.  iiiii.    Fossils 
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researubes  have  been  unremittmg,  1  have  ofataiDed 
but  few  fossil  plauU  that  will  admit  of  satis&ctory 
conclusions  as  to  their  original  structure.  X  shall 
restrict  my  present  remarks  to  a  brief  account  of 
the  principal  varieties,  aod  the  circumstances  under 
which  they  occur. 

Entire  layers  of  the  calciferous  grit  of  Tilgal* 
Fore;it  are  so  full  of  minute  portions  of  carbouaeeous 


matter,*  as  to  acquire  a  dark  mottled  colour ;  and 
upon  examining  the  imbedded  particles,  they  appear 


•  FoBsils  of  Tilgate  Foieit,  Plate  3,  fig.  6. 
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to  be  the  detritus  of  plants  groaud  to  pieces  by 
agitation  in  sand  and  water.  Specimens  in  ni; 
pOEsession,  show  that  they  have  been  principally 
derived  from  two  elegant  extinct  species  of  ferns, 
which  are  peculiar  to  the  wealden.  The  one  is  cha* 
racterised  by  its  slender  and  minutely  divided  leaflets 
(Sphenopleris  JHanteflii— Tab.  72);  the  other  by 
the  distribntion  of  the  nervures  of  the  leaves  (Lon- 
ehopteria  itfajKeflit— Tab.  73).  This  plant  has  also 
been  found  in  the  valley  of  Bray  by  M,  Graves  of 


Bcauvais,  in  the  lower  Bonlonnals  in  France,  and 
in  Sweden,  in  strata  supposed  to  be  of  the  same 
epoch  as  the  wealden. 

These  ferns  probably  did  not  exceed  a  few 
feet  in  height ;  I  have  a  stem  of  the  sphenopleris 
which  must  have  belonged  to  a  plant  five  or 
■ix  feet  high.     Several  other  species  are  associated 

B  B  2 
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rock  at  Hastings :  they  were  lying  with  their  lar 
diameter  in  a  horizootal  poaitioD,  and  consiMedll 
a  silicious  stem  or  nucleus,  coated  by  lignite.  i 
not  only  invested  tlie  stem,  but  also  extended 
beyond  each  extremity.  The  stems,  when  cut  and 
poliahed,  exhibit  the  monocotyledonous*  structure; 
Count  Sternberg  considers  them  as  related  to  llie 
palms.  This  fossil  vegetable,  from  the  eharacttri 
above  specified,  has  been  named  Endogtnitet  troia. 


(Ow-/M,r.*  , 


The  other  plant  {Clathraria^  LytUii)  bears  « 
analogy  to  the  yucca,  and  draceena,  or  dragoii>blM|j 

*  Dr.  Pillon  has  given  bcontiful  engraving*  of  Ihcie  ibMN 
in  the  Memoir  alrendj-  ciLed,  Plate.  XIX.  aod  XX. 

f  ClatliTaria,  from  dalhnm,  latticed  or  ciou-bimd;  I 
Blluaion  to  the  tnarkings  on  llie  Burface. 
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plant.  Stems,  with  the  markings  of  the  bases  of 
the  leaves,  point  oot  the  relntion  of  this  vegetable 
to  tlie  arborescent  ferns,*  while  its  internal  structure 
is  essentially  different      This  interesting  specimen 


*  Tfae  render  may  ronn  an  idea  of  the  bei 
of  these  elegant  trees,  by  inspecting  a  specimen  of  tt 
forty-five  feel  high,  from  Bengal  {aliophila  bninoniana) 
Btnircaee  of  the  British  Museum. 

f  Fi^  3,  3,  4,  me  reduced  one-half  IVom  Dr.  FiCto 
moir^FLXXU. 
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scored  with  the  markings  derived  from  the  attach- 
meat  of  the  leaf-stalka.  The  clathraria  hsa  odI; 
been  found  in  the  (juarries  of  Tilgale  Ft^est;  I 
Iiave  fragments  of  stems  indicating  a  Urge  size. 

46.  Seed-vessels. — Not  only  are  the  stems  and 
leaves  of  plants  and  trees  preserved  in  the  wealden 
beds,  but  even  very  delicate  seed-vessels  are  some-  ' 
times  found  in  the  grit  and  sandstoae,  A  small 
oval  carpolithe  (Tab.  76,  fig,  1)  is  the  most  commoD. 
M.  Adolphe  Brongniart  considers  it  probable,  that 
this  may  belong  to  the  Clathraria  Lyellii,*  The 
seed-vessels  of  coniferons  trees  also  occur.  These 
drawings  (Tab.  76,  figs,  2,  3, 4)  are  from  specimens 
belonging  to  Or.  Fitton,  who  has  figured  and  de- 
scribed them  in  the  memoir  to  which  I  have  before 
referred  ;  I  particularly  claim  your  attention  to 
fig.  4,  which  is  half  the  size  of  the  original ;  this 
beautiful  cone  was  found  imbedded  in  grit,  in  a 
quarry  on  Ashdown  Forest,  on  the  estate  of  Henry 
Shirley,  Esq.,  and  is  remarkable  for  the  double 
prominences  on  the  scales, 

47.  Fossil  shells. — The  shells  of  the  wealden, 
a  series  of  the  principal  species  of  which  I  have 
placed  before  you  (Tab.77)<  belong  to  but  few  genera ; 
and  although  whole  tracts  of  country  are  composed  of 
their  remfuns,  and  many  of  the  limestones  are  mere 
conglomerates  of  shells,  yet  the  species  are  not 
numerous ;  a  character  perfectly  (freeing  with  that 
which  prevails  among  the  existing  genera  of  out 

•  See  Oeologj'  of  the  South-Eut  of  Englutd,  p.  346. 
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'ivers.    The  bivalve  shells  chiefly  consist  of  muscles 
referable  to  a  g^enus  called  unio  by  conchologists), 
■4he  caats  of  which  are  abundant  in  some  of  the  sand- 
atones  ;  and  several  species  of  cjclas,*  that  occur  in 


myriads  in  the  shales  and  clays,  and  resemble  tertiary 

shells  in  their  state  of  preservation.     The  shales  of 

Pounceford  are  very  like  the  clays  of  Caatle  Hill, 

•  A  genus  of  lacustrine,  or  fresh-walei  bivalves. 
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Newhaven,  in  respect  to  the  layers  of  sbelly  remuns 
wliicL  occur  betwceu  the  strata.  The  grey  lime- 
atones  are  almost  wholly  composed  of  cj/cladea,  im- 
bedded ta  argillaceo- calcareous  eement,  in  which 
univalves  are  of  rare  occurrence. 

The  calcifurous  grit  near  Hastings  is  full  of 
cycladei ;  but  the  shells  are  decomposed,  and  the 
casts  or  impressions  of  the  interior  alone  remain. 
In  the  ai^illaceous  septaria  of  the  weald  clay,  casU 
of  small  univalves,  also  destitute  of  their  shelU, 
abound.  In  Langton-green  quarry,  near  Tunbridge- 
wells,  layers  of  argillaceous  rock  inclose  impreasioDs 
of  numerous  shells ;  and  among  others  a  remarkable 
species  of  unio  (Tab,  77.  fig.  6).  This  spiral  uni- 
valve, melanopsis  attenvata  (Tab.  66,  and  77,  fig.  2), 
belongs  to  a  freshwater  genus ;  it  occurs  in  the 
shale  at  Pouuceford,  in  a  beautiful  state  of  preser- 
vation. This  minute  and  elegant  shell  (Tab.  7T, 
fig.  3),  is  dispersed  among  small  anail-shells  in  the 
grit  of  Tilgate  Forest;  I  have  named  it  neritina 
Fitiom,  in  honour  of  Dr.  Fitton,  whose  able  inves- 
tigatians  have  so  fully  elucidated  the  geological 
character  and  relations  of  the  deposits  below  the 
chalk. 

48.  Sussex,  oh  Fetworth  marblx. — The 
weold-clay  throughout  its  whole  extent  cont^s 
beds  of  limestone  made  vp  of  a  few  species  of 
the  univalve,  called  paludma  (T*b.  77»  flg.  !)>■ 
fresh-water  snail,  common  in  riven  and  lakes.  Hie 
shells  are  sometinws  tUcoinpossd,  ^aad  Jbeir  caits 


r 


&loQe  remain,  the  interstices  being  fil 
indurated  mart,  or  calcareous  concretions. 


BhellB 


Blabs 

eliella, 


varieties  are  cavities  left  by  the  decompo- 
of  the  shells  ;  in  the  compact  masses  the 
are  transmuted  into  calcareous  spar,  and  the 
has  been  permeated  by  a  crystalline  calca- 
infiltration,  of  various  shades  of  grey,  blue, 
ichre,  interspersed  with  pure  white ;  polished 
display  innumerable  sections  of  the  inclosed 
tuid  rival  in  interest  and  beauty  many  foreign 
es.      In    these  specimens   you   perceive   the 
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sEiella  in  relief  on  oae  side,  and  sections  of  tiie 
inclosed  Tenuins  on  the  opposite  polished  surface;* 
very  few  bivalves  occur  in  this  limestone,  which, 
from  its  abundance  in  Sussex,  is  commonly  known 
by  thenameof  6'u<«exn)ar5fe.  The  Petworth  marble, 
and  Betbersden  stone  of  Kent,  are  extensions  of  the 
same  beds.  In  western  Sussex,  a  beautiful  marble 
mottled  with  green,  blue,  and  grey,  occasionally 
occurs ;  it  is  composed  of  large  bivalves  (unio), 
interspersed  with  a  few  univalves  and  fragments  of 
bones  of  reptiles.  The  Purbeck  marble,  already 
described,  only  differs  from  that  of  Sussex  in  the 
siae  of  the  shelb ;  the  paludiura  in  that  limestone 
being  of  a  very  small  species. 

49.  Fossil  cypris, — I  have  stated  that  the  weal- 
den  marbles  are  principally  composed  of  fresh-water 
shells  ;  but  other  animal  remains  enter  into  their 
composition,  and  which,  although  so  minute  as  to 
elude  common  observation,  possess  a  high  degree 
of  interest.  It  has  been  mentioned  that  certain 
crustaceous  animals  (cypris),  abundant  in  fresh- 
water, having  their  bodies  protected  by  sheila  or 
cases  which  they  shed  annually,  occur  in  a  fossil 
state  in  the  tertiary  lacustrine  deposits  (page  249) ; 
and  I  referred  to  the  exhibition  of  the  osy-hydrogen 
microscope  in  illustration,  of  the  forms  of  the  liring 
species.  The  shields  of  various  Idnds  of  these 
microscopic  creatures  abound  in  the  wealdeu-cla;,t 
*  OeologrofOieSoDlh-EaBtof  England,  p;  184;  IbM.  p. 294.' 
t  Cr.Fittpu'iUeiBoir,  PLXXLlig<.l,3,St!k       .■ 
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Wptaria,  and  limestones,  and  entirely  fill  up  the 
levities  and  interstices  between  the  shells  in  some 
-mieties  of  Sussex  marble.  In  these  specimens  of 
■hale  from  near  Lewes,  of  septaria  from  Garcombe, 
titd  of  marble  from  Laughton,  by  the  aid  of  a  lens, 
hundreds  of  the  eases  or  shields  of  cyprides  may  be 
detected.  Dr.  Fitton,  who  has  investigated  the 
■atnre  of  these  minute  relics  with  his  accustomed 
seamen,  has  discriminated  several  epecies.  These 
enlarged  drawings,  from  his  illustrations,  represent 
a  variety  in  which  the  shells  are  studded  with 
tubercles  fTab.  77,  figs.  7,  9).  The  natural  size  of 
these  objects  does  not,  as  you  observe  in.  the 
specimeas,  exceed  that  of  a  pin's  head,  yet  in  cer- 
tain formations,  entire  layers  of  stone  are  composed 
of  their  consolidated  remains,  and  they  constitute 
A  large  proportion  of  the  mass  of  many  beds  of 
Sussex  marble. 

50,  Fishes. — Detached  bones,  teeth,  and  rays 
of  fishes  of  the  shark  family,  and  of  species  allied 
Jo  the  large  river-pikes  of  South  America,  are  very 
abundant;  but  rarely  any  united  portions  of  the 
gkeleton,  or  scaly  covering,  are  preserved ;  a  cir- 
cumstance arising  from  the  peculiar  nature  of 
the  wealden  deposits.  Strong,  thick,  enamelled, 
lozenge- shaped  scales,  possessing  a  high  polish,  and 
having  two  processes  of  attachment,  are  very  abun- 
dant in  the  sandstones,  grits,  and  clays  throughout 
the  wealden.  In  St.  Leonard's  and  Tilgate  Forests, 
the  conglomerate  contains  immenee  numbers,  asso* 
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ciated  with  amall  hemiBpherical  teeth,  called  b; 
the  workmen  Jislies' -eyes.  These  scales  and  teelh 
belong  to  two  species  of  lepidotui,  or  bony-pike,  of 
which  genus  a  recent  species  inhabits  the  riven  oi 
South  America.     It  is  rarely  that  any  considerable 
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number  of  the  scales  remain  attached  to  each  ottier 
in  their  natural  position ;  but  I  haVe  a  few  speci- 
mens in  which  large  portions  of  the  scaly  coycriug 
retain  their  original  character.  These  fishes  rausl 
have  attained  a  large  size.  In  a  specimen  presented 
to  me  by  Robert  Trotter,  Esq.  F.G.S.  of  Horde  Hill. 
near  Cucfcfield,  a  considerable  mass  of  the  united 
scales  is  beautifully  preserved ;  it  is  twelve  inches 
wide,  and  belongs  to  that  part  of  the  body  where 
the  caudal  fin  commences;  the  fish  must  therefore 
have  been  ten  or  twelve  feet  long,  and  three  fepi 
wide.  Tricuspid  teeth  finely  striated,  and  fin-bones 
of  five  or  six  species  of  genera  belonging  to  the 
shark  family,  are  of  frequent  occurr^ 
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■thes  of  the  we&lden  are  entirely  dislinct  from  those 
Kibe  challi.* 

k-  51.  Reptiles  of  Tilgate  Forest. — It  will 
■Oubtleas  excite  youi'  surprise  to  learn  that  the 
prhole  of  the  enormous  boues,  and  teeth,  I  have 
placed  on  the  table,  are  those  of  reptiles, f  and  that 
sot  B.  vestige  of  any  of  the  mammalia  occurs  in  the 
wealden.  Even  these  teeth,  which  so  strikingly 
nsemble  the  incisors  of  the  rhinoceros,  and  these 
Iwnes  of  the  feet  and  toes,  so  similar  in  their  con- 
struction and  magnitude  to  those  of  the  hippopo- 
tamus, all  belong  to  oviparous  quadrupeds  I  Many 
of  the  specimens  before  you  can  be  referred  to 
eertain  extinct  forms  of  saurians,  or  lizards;  but 
■others  are  yet  undetermined,  in  consequence  of  my 
trant  of  leisure,  and  distance  from  any  exteusiTe 
■collection  of  comparative  anatomy.  The  deter- 
mination of  the  fossil  bones  of  the  wealden  is  indeed 
flo  easy  task ;  for  while  in  many  marine  deposits. 
Inconsiderable  portions  of  the  skeletons,  or  even  the 
'Cntire  forms,  are  often  discovered  ;  In  the  wealden, 
with  the  exception  of  but  three  or  four  examples, 

•  The  following  fieheB  of  the  wealden,  in  my  muaeum,  have 
"btea  named  by  M.  Agnssiz.  Pycnodua  microdon,  Lcpidotus 
7ittoni,  L.  Muitellii,  Hyfaodus  grosslconus,  H.  marginalis, 
•H.  poljprion.  A  small  ipecies,  Lepidofui  minor,  uccura  in  the 
Jntbeck  limeEtone. 

t  This  lecture  was  illustrated  by  several  hundred  specimens 
d[  bones  and  teeth  of  reptiles  from  tlie  vealden ;  man;  of  such 
monnous  liie,  that  the  asaemblaee  resembled  an  accumalation 
I  of  Ibe  disjointed  skeletons  of  gigantic  elepbaots  or  mastodons. 
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every  bone,  tooth,  and  scale,  has  been  round  sp&rt  I 
from  each  other ;  and  as  if  to  render  the  task  «tiU  | 
more  perplexing,  the  relics  of  several  different  spe- 
cieit  are  scattered,  as  it  were,  at  random  through 
the  rocks.  Every  specimen,  as  I  have  before  re- 
marked, beara  evidence  of  having  been  transported 
from  a  distance  ;  it  would  seem  as  if  the  limbs  and 
carcases  of  the  animals  were  fioated  down  the  stream, 
and  rolled  backwards  and  forwards  by  tlie  tides,  and 
the  iMines  broken,  before  they  became  imbedded  ia 
the  mud  of  the  delta.  To  collect  these  scattered 
fragments,  and  extricate  them  from  the  solid  rock; 
to  reunite  them  into  a  whole,  and  assign  to  each 
skeleton  of  the  respective  animals,  the  IxiDes  which 
once  belonged  to  it,  yet  not  to  confound  the  dif- 
ferent species  together — such  is  the  labour  which 
the  comparative  anatomist  has  to  perform,  who  un- 
dertakes to  investigate  the  structure  of  the  wealdeQ 
reptiles.  I  reserve  for  the  next  lecture  some  ob- 
BCrrationB  on  the  economy  and  habits  of  the  reptile 
tribes,  and  will  now  describe  the  fossil  rel«ia  bdbfc 
us. 

52.  Fossil  tubtles. — The  bones  and  plates  of 
turtles  are  very  common  in  the  Purbeck  limestone, 
and  in  the  grii,  sandstone,  and  shale  of  Tilgate 
Forest,  They  are  referable  to  two  or  more  fresh- 
water, and  one  marine  species  ;  the  former  appear 
to  be  analogous  to  an  emgt,  or  fresh-water  turtle, 
described  by  Cuvier,*  as  occurring  iu  the  Jura 
•  On.  Foti.  Tom.  V.  p.  232. 
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timestoiie  at  Soleure.  It  is  a  very  flat  Bpectes,  and 
probably  attained  two  feet  in  length.  The  ribs  of 
«  triaaigx  (which  is  also  a  fresh-water  turtle),  tmve 
'  -beeQ  discovered  in  tlie  shale  of  Pounceford,  and 
grit  of  Tiigate  Forest ;  the  external  surface  of  the 
ribs  or  doraal  plates  is  shagreened  all  over,  as  is 
usual  ia  these  turtles,  which  have  no  shelly  covering, 
but  only  a  thick,  tough  skin,  or  integument ;  the 
recent  species  inhabit  the  Nile  and  Euphrates.* 

53.  Fossil  crocodiles. — The  skeletons  of  the 
crocodiles,  alligators,  and  gavia,ls,  those  well-known 
reptiles  of  Egypt,  India,  and  America,  possess 
characters  which  reader  their  fossil  bones  easily 
'Fect^nisable  by  the  comparative  anatomist.     The 


peculiar  structure  of  the  teeth,  as  you  may  observe 

in  this  specimea  (Tab.  SU),  affords  certain  indications 

'  Oeal(^oftheSouth-EMtof£DglDii(],p.2S5. 
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of  the  original  animal.  The  teelh  of  the  crocodile 
are  very  numerous  ;  they  are  of  a  conical  fom 
(Plate  III.  fig.  10),  and  consist  of  a  euccession  of 
coDes,  Hlie  a  series  of  thimbles,  of  various  sizes, 
fitted  into  each  other ;  they  are  striated  exteroallfi 
and  have  a  prominent  lateral  ridge ;  aa  the  outer 
tooth  wears  away,  a  new  one  ia  ready  to  supply  il» 
place ;  the  teeth  of  the  old  crocodile  are  therefore  u 
fresh  as  those  of  the  young  animal  but  just  eac^ted 
from  its  shell.  The  interior  of  the  teeth  is  neret 
completely  filled  up ;  hence,  at  whatever  age  a  tootk 
may  be  removed,  there  is  found,  either  ia  the  socket, 
or  in  the  cavity  of  the  tooth  itself,  a  new  germ,  ii 
a  greater  or  less  state  of  advancement,  ready  to 
occupy  the  place  of  the  old  one,  when  the  latter 
shall  be  removed;  and  thie  auccessioD  is  aCten  re- 
peated. In  the  fossil  before  us  (Tab.  80),  the 
internal  structure  is  well  displayed,  in  consequence 
of  the  removal  of  a  portion  of  the  external  surface 
of  the  old  tooth.  Detached  bones  of  several  spe- 
cies of  crocodiles  are  scattered  through  the  Tilgate 
strata.  From  the  difference  observable  in  the  form 
of  the  teeth,  they  appear  referable  to  two  kinds — 
the  one  l>elonging  to  that  division  of  crocodiles, 
with  long  slender  niuzules,  named  gaviai ;  the 
other  to  a  species  of  crocodile,  properly  so  called,* 
and  resembling  a  fossil  species  found  at  Caen. 
Among  the  hundreds  of  teeth  and  bones  of  cro- 
codiles collected  in  the  wealden,  no  portions  of  the 
•  Geolog;  of  tlie  Sonth-EuE  of    Engluul,  p.  2t. 
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^W8,  or  any  united  parts  of  the  skeleton,  have  been 
■flbaerved;  but  in  the  Purbcck  beds  a  Hpecimen  has 
JMcently  been  discovered  that  affords  an  interesting 
lUuBtration  of  the  osteology  of  one  of  the  Tilgate 
Impedes. 


54.  The  Swanage  ceocodile  (Plate  I.) — Swao- 
age,  or  Sivanwich,  ia  a  little  town  on  the  east  of  the 
lele  of  Purbeck,  the  inhabitanta  of  which  carry  on 
a  brisk  trade  in  the  exportation  of  stone  from  the 
numerous  quarries  in  the  vicinity,  there  being  a 
fine  bay  and  good  anchorage  for  vessels.  The  tovn 
stands  at  the  mouth  of  the  bay,  about  six  miles 
_E.S.E.  of  Corfe  CaBtle.  The  section  (Tab.81), 
exposed  by  the  coast,  explains  the  geological  struc- 
ture of  the  country,  and  presents  the  following 
series  of  strata: — First,  beds  above  the  chalk; 
secondly,  chalk ;  thirdly,  Hastings  beds ;  fourthly, 
the  Purbeck  limestone  ;  and  lastly,  the  Portland 
Btone,  which  occupies  the  lowermost  place  in  the 
series.  I  need  not,  in  this  place,  dwell  on  the 
•  Dr.  FitCon.    Geological  Transaclionl,  vol.  iv.  PI.  X.  a. 
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dislocations  of  these  rocks,  and  the  causes  by  whicti 
they  have  been  disturbed  and  throws  into  their 
present  position.  In  the  summer  of  1837,  the 
workmen  employed  in  a  quarry,  in  the  immediRle 
%-iciniey  of  Swauage,  had  occasion  to  split  asunder 
a  large  slab  of  the  Purbeck  limestone,  when,  to  their 
great  astonbhraent,  they  perceived  many  boaes  ami 
teeth  on  the  surfaces  they  liarf  just  exposed-  As 
thia  was  no  ordinary  occurrence, — for  although  scales 
of  fishes,  shells,  &c.  were  frequently  observed  in 
the  stone,  bones  had  never  before  been  noticed, — 
both  slabs  were  carefully  preserved  by  the  pro- 
prietor of  the  quarry ;  and  fortunately  my  ^tel- 
ligent  friend,  Robert  Trotter,  Esq.  happening  to 
visit  Swanage  a  short  time  afterwards,  heard  of  the 
discovery,  and  with  that  liberality  and  ardour  for 
the  advancement  of  science  for  which  he  is  distin- 
guished, obtained  the  specioieu.9,  and  presented 
them  to  me.  I  have  cleared  away  the  stone,  so  far 
as  the  brittle  state  of  the  bones  will  permit  without 
injury,  and  they  are  now  rendered  two  as  interesting 
groups  of  crocodilian  remains  aa  have  been  dis- 
covered in  this  country. 

In  these  specimens  a  considerable  portion  of  the 
left  side  of  the  lower  jaw  (PI.  I.  fig.  1),  with  two  teetli 
attached,  ia  preserved ;  many  teeth  are  scattered 
overthe  stone,and  numerous  (/«nna;(PI.I.  figs.  3,3), 
or  skin-bones,  which  are  readily  distinguished,  not 
only  by  their  form,  but  also  by  their  deeply-  pitted 
surface.    The  pelvis  (PI.  I.  figs.  6, 7, 7, 9)  is  nearly 
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entire,  and  there  are  many  bones  of  the  spine 
(PI,  I.  fig3.  2, 2),  {caudal,  and  dorsal  verlebra,  and 
ckevron'boneg,  Fl.  I.  fig.  5),  ribs  (PI.  I.  figs.  4,  4), 
and  some  of  tlie  long  bonea  of  the  extremities. 

55.  The  plesiosaurus. —  Several  bones,  and 
rertebne  of  the  neck  and  back  of  the  extraordinary 
extinct  reptile,  called  pleaiosauTus,"  whose  remains 
are  found  in  such  prodigious  numbers  in  the  lias, 
occur  in  the  colciferous  sandstone  of  Tilgate  Forest, 
and  prove  that  this  animal  was  an  inhabitant  of  the 
sea  into  which  the  river  of  the  wealden  flowed. 

56.  The  MEG  ALosACBUS.f— The  fissile  limestone 
of  Stonesfield,  of  which  I  shall  sjieak  in  the  next 
lecture,  has  long  been  celebrated  for  the  teeth  and 
bones  of  a  gigantic  reptile,  to  which  Dr.  Buckland 
has  given  the  name  of  megalosaurus.  Vertebrae, 
bones,  and  teeth  of  this  animal  have  been  found  in 
the  Tilgate  grit,  and  in  the  clays  and  sandstones  of 
the  wealden,  associated  with  the  remains  of  turtles, 
crocodiles,  and  the  still  more  colossal  oviparous 
quadruped  the  iguanodon,  which  I  now  proceed  to 
notice. 

57.  The  iguanodon  (Plates  II.  and  III).— It  is 
several  years  since  the  discovery  of  a  mutilated 
fragment  of  a  tooth  led  me  to  suspect  the  existence 
of  a  gigantic  herbivorous  animal  in  the  strata  of 
nigate  Forest,  which  subsequent  researches 

•  Pieiiuaurut,  akin  to  a  lizard  ;  this  reptile  nill  be  desi 
in  the  fifth  lecture. 

^mnai  gfBst  lizard. 
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firmed.*  This  is  the  fragment :  it  is  part  of  the 
crown  of  a  tooth,  resembling  in  ita  prismatic  form 
^e  incisor  of  one  of  the  herbivorous  mammalia, 
worn  by  use.  The  enamel  is  thick  in  front  aod 
thin  behind,  and  by  this  disposition  a  sharp  cutting 
edge  is  maintained  in  every  stage.  Mere,  then,  ii  ' 
a  character,  which  if  we  bear  in  mind  the  principlo 
of  comparative  anatomy  enforced  in  the  second 
lecture,  (page  132,)  will  afford  us  certain  indim- 
tioDS  as  to  the  nature  of  the  animal  to  whi^  it 
belonged.  The  structure  of  the  tooth,  and  its 
worn  surface,  prove  that  it  is  referable  to  a  spedes 
that  fed  on  vegetables  ;  the  absence  of  a  fang,  and 
the  appearance  of  the  base,  not  broken,  but  indented, 
show  that  the  shank  has  been  ab^jorbed  from  the 
pressure  of  a  new  tooth,  which  has  grown  up  and 
supplanted  the  old  one ;  a  process  too  familiar  to 
require  esplanation.-|- 

In  the  teeth  before  us  we  trace  every  gradation 
of  this  change,  from  the  perfect  form  (Tab,  82, 
flg.  2,  and  PI.  III.  fig.  3), — the  partially  worn  epeci- 
mens  (Tab.  82,  figs.  4,  5,  and  PI.  III.  figs.  6,  ";,  to 

•  "  Oa  the  teeth  of  the  iguanodon,  a  nenlj-diicoveied  fouii 
lierbivorom  reptile,  from  the  strals  of  Tilgste  ForcBL" — Plakt. 
Traai.  1825. 

+  It  cannot  he  requiaile  to  notice  the  yulgar  error  lh«t  lie 
lint  teeth  in  children  have  no  fangs ;  it  may  hovfever  elueidUc 
Che  remarks  in  the  text,  if  the  reader  he  reminded  that  the  A- 
sencB  of  fanga  in  the  teeth  shed  ia  ciiildheod,  lesults  from  the 
shsorption  of  the  Emg  of  the  old  teetli,  oceaaioned  by  the  piei- 
sure  of  those  wliicli  are  to  aupply  their  place. 


lOrANODON. 


I    tfae  mere  stomp  (figs.  1,  3),  in  which  the  crown  is 
i   worn  flat,  and  the  absorption  of  the  fang  complete 


l^gi.  l.  3-  ToaLb  TOTb  fiat,  find  the  l^g  nlsiiTbed'    f  ■  TDOth  df  h  Tonng 


The  teeth,  when  perfect,  are  of  a  prismatic  form, 
and  remarkable  for  the  prominent  ridges  which  ex- 
tend down  the  front,  and  the  serrated  lateral  margins 
of  the  crown  (Tab.  S2,  fig.  6,  the  serrated  edge 
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magnitied).  By  a  powerful  microscopio  examinatioi 
the  ivury  iu  tLe  teeth  of  the  iguaDodoo  is  found  I 
be  composed  of  cloae-sut  tubes,  radiating  in 
course  from  the  cavity  of  tlie  pulp  of  the  tooth,  ll 
the  BUperficiea,  each  tube  being  alao  miuutely  u 
dulated ;  and  this  structure  is  distiuctly  sees  on  tl 
surface  in  some  examples.* 

But  although   by  this   mode  of  induction   the 
grand  diviaiou  of  the  animal  kingdoni  to  which— 
the  original  belonged  was  ascertained,  a  rigid  codvm 
parison  of  the  teeth  witlj  those  of  recent  specien 
was  necessary,  to  arrive  at  more  satisfactory  teeulte.4 
In  a.  foBsi!  state,  no  teeth  at  all  analogous  had  been 
noticed  ;   and  after  a  fruitless  research  through  the 
collections  of  comparative  anatomy  in  London,  I 
found,  in  the  jaws  of  a  recent  iguana, f  the  type 
for  which  I  had  m  long  sought  in  vaiji.      The 
iguanas  are  land  lizards,  natives  of  many  parts  of 
America  and  the  West  Indies,  and  ore  rarely  met 
with  north  or  south  of  the  tropics.     They  are  from 
three  to  five  feet  in  length,  and  feed  on  insects  and 
vegetables,   climbing  trees,   and  chipping  off  the 
tender  shoots.    They  nestle  in  the  hollows  of  rocka. 
and   deposit  their  eggs,  which   are  like  those  of 
turtles,  in  the  sands  or  banks  of  rivers.     The  iguana 
is  furnished  with  a  row  of  very  small,  closely-set, 
pointed  teeth,  with  serrated  edges,  which  have  no 

•  ProfesBor  Owen,  "  On  the  itnioture  of  Teetli,"  &c. 
+  Prepared  hy  Mr.  Stulchbury,  the  iaielligenl  CHMtor  of  the 
ilriitol  laitilutiDD. 
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distinct  alveoli  or  sockets,  but  are  attached  at  the 
liase,  and  by  the  outer  surfaces  of  the  fangs,  to 
the  jaw,  the  alveolar  process  forniing  an  external 
parapet ;  there  is  no  internal  bony  covering.  The 
new  teeth  do  doC,  as  in  the  crocodile,  spring  up  in 
the  centre  of  tlie  cavities  of  the  old,  and  rise  through 
them,  but  proceed  from  near  the  inner  part  of  their 
base,  and  by  pressure,  occasion  an  absorption  of  a 
portion  of  the  fangs  of  the  old  teeth,  which  they 
ultimately  displace,  by  destroying  their  adheuon  to 
the  dentary  bone.  The  teeth  of  the  iguana  closely 
resemble  the  perfect  fossil  tooth,  Tab.  48,  fig.  2, 
and  Plate  III.  iig,  3,  except  in  size  ;  those  of  the 
recent  animal  scarcely  exceeding  in  magnitude  the 
teeth  of  the  common  mouse.  But  in  the  iguana 
the  teeth  never  present  a  worn  surface  ;  they  are 
broken  or  chipped  off  by  use,  but  not  ground 
smooth  as  in  the  herbivora.  The  reason  is  obviouB; 
none  of  the  existing  reptiles  are  furnished  with 
cheeks  or  moveable  coverings  to  their  jaws,  and 
therefore  cannot  perform  mastication;  their  food  or 
prey  is  seized  by  the  teeth  and  tongue,  and  swallowed 
whole.  But  apart  from  this  discrepancy,  the  teeth 
and  mode  of  dentition  of  the  fossil  animal  are  so 
perfectly  analogous  to  those  of  the  iguana,  that  I 
have  named  the  original  the  Iguanodon,  signifying 
an  animal  having  teeth  like  the  iguana.  In  the 
course  of  the  last  summer  I  discovered  in  sandstone, 
in  a  quarry  in  Tilgate  Forest,  a  portion  of  the  lower 
jaw  of  the  Iguanodon,  that  confirms  the  inferences' 
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which  maay  years  aince  I  ventured  to  tleduce  frOB 
the  structure  of  the  teeth  done. 

From  the  gigantic  size  of  the  fossil  teeth,  u 
compared  with  the  recent,  I  was  led  to  conclude 
that  many  of  the  colossal  bones,  collected  from 
time  to  time,  in  Tilgate  Forest,  belonged  to  the 
same  kind  of  animal.  By  comparing  the  bones 
with  the  skeleton  of  the  iguana,  (preseoled  W 
me  by  Baron  Cuvier, )  I  succeeded  in  deter- 
mining many  parts  of  the  skeleton  ;  and  at  lengtk 
was  enabled  to  restore,  as  it  were,  the  fonn  of 
the  iguanodon,  and  ascertain  its  proportions ;  the 
correctness  of  my  deductions  wa^  shortly  to  be 
put  to  the  test,  by  a  discovery  in  a  neighbouring 
county, 

58.  TheMaidbtons  iGUANODON.  (Plate  II.)— 
In  May,  1834,  some  workmen  employed  in  a 
stone-quarry,  in  the  occupatiou  of  Mr.  W.  H.  Ben- 
sted,  of  Maidstone,  observed  in  a  mass  of  rock 
which  they  had  blasted,  several  ]>ortioDS  of  what 
they  supposed  to  be  petrified  wood  ;  they  pre- 
served the  largest  piece  for  the  inspection  of 
Mr.  Bensted,  who  at  once  perceived  that  it  was 
a  portion  of  bone  belonging  to  some  gigantic 
animal.  He  therefore  gave  directions  that  every 
fragment  should  be  collected,  and  alter  much  la- 
bour and  research,  succeeded  in  obtaining  those 
pieces,  which  are  now  united,  and  form  a  specimen 
of  the  highest  interest ;  he  also  cleared  away  pait 
of  the  surrounding  stone,  so  as  to  expose 
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pe  bones,  which  I  have  since  completely  developed 
Lud  joined  together.* 
The  specimen  consists  of  a.  considerable  nujnber 
■of  the  bones,  compoBing  the  inferior  portion  of  the 
■  skeleton  of  an  iguanodon,  which,  when  living,  must 
I  have  been  upwards  of  60  feet  in  length.   The  bones 
i  imbedded  in  the  stone  in  a  very  confused  man- 
ner, few  of  them  being  in  their  natural  order  of 
juxta- position,  and  all  more  or  less  flattened  and 
distorted.     The  following  are  well  displayed ;   and 
there  are  many  fragments  of  others,  which  are  too 
mperfect  to  admit  of  being  determined. 

Two  Ihigh-bmes,  each  33  inches  long.f     Plate  II.  figs.  1,  2. 

g-Jone  (liftio),  30  inches  long.     Plate  II.  fig.  a. 
Metatarsal  and  phalangeal  hones  of  the  hind  feet ;  these  much 

resemble  the  coirespondiDg  bones  of  the  hippopotamui. 

Plate  II.  figs,  i,  i,  4. 
Two  cfou-iciej  (unguical  phalanges),  which  nere  covered  bj'  the 

nail  or  clan ;   these  coirespoDd  with  the  unguical  bones  of 

the  land  tortoise.    Plate  II.  fig.  S  ;  III.  2. 
Two  finger,  or  metacarpal  bones  of  the  fore-feet,  each  llinchea 

in  lenglL     Plate  II.  fig.  G. 
A  radial,  or  hone  of  the  fore-arm.     Plate  II.  fig.  7. 
Several  darial  and  caudal  vertebric  (bones  of  the  spine  and  tail). 

Platell.  figs.  8,S,e. 


if  the  iguanodon  is  ver 

t  has  a  largo  trochanter  (a) 


•  Appendix  L. 

t  The  thigh-hone,  or  femi 
mirkablc  (Plate  III.  fig.  11) 
opposite  to  the  head  of  the  boE 
side  for  the  attachment  of  powerful  adductor  muscles;  the  fr 
of  the  loiter  extremity  is  deeply  grooved  (d)  anteriorly,  as  in 
the  load ;  the  shaft  of  the  boae  is  subi^uadraagulE 
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fi^meats  of  aeveral  libs.    Plate  II.  Sgs.  9,  9,  9. 

Two  claviclri,  or  collar-bones,  each  28  inches  in  length,  nma- 

bling  the  bone  %urcJ  I'lale  IV.  6gs.  I,  2,  GeolQgy  ut  ihe 

Stmlli-EaBt  of  England.    Tliese  bones  are  of  a  TeryaingnJsi 

Jsnn,  and  diflbr  e>Bentiall}>  fVom  anjr  knovn  clavicle,  yet  il 

■MmB  impoBsible  to  rhmi^  them  to  any  other  plaoe  in  thi 

skeleton.     PUte  II.  Ggs.  ID,  ID. 

Two  luge  flat  halchel-ihapeil  bones,  ivhich  appear  to  belong  to 

the  pelris.  and  ate  probably  the  Dnaifia.    PI.  IL  figa.  11, 11. 

^  chsvrotf'bone,  or  one  of  the  inferior  apinoui  proceasea  of  > 

vertebra  of  the  tfliL    PI.  II.  fig.  12. 
A  poitioD  of  a  iDDth,  and  the  impression  of  another. — Theprt- 
servatioD  of  thete  testh  is  most  fortunate,  as  the  identity  of 
tho  animal  nith  the  ignanodim  of  Tilgate  Forest  is  theielj 
completely  eBt&blished. 

The  geological  position  of  this  apeciinen  forms  an 
exceptioD  to  what  has  been  previously  remarked  of 
the  fossils  of  the  wealden ;  for  while  the  bones  in 
the  latter  are  found  associated  with  terrestrial  and 
fluviatije  remains  only,  the  Maidstone  specimen  is 
imbedded  in  a  marine  deposit.  This  discrepancy, 
however,  in  no  wise  affects  the  arguments  previously 
advanced,  as  to  the  fluviatile  origin  of  the  strata  of 
the  wealden ;  it  merely  shows  that  part  of  the  delta 
had  subsided,  and  was  covered  by  the  chalk  ocean, 
whilst  the  country  of  the  iguanodnn  was  still  in  es- 
istence,  and  the  body  of  an  iguanodon  was  drifted 
out  to  sea,  and  became  imbedded  in  the  sand ;  id 
like  manner,  aa  at  the  present  day,  bones  of  land 
quadrupeds  may  not  only  be  engulfed  in  deltas,  but 
also  in  the  deposits  of  the  adjacent  ocean. 

This  ipecimen  possesses  a  high  interest,  because 
it  proves  that  the  separate  bones  fouad  in  the  strata 
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if  Tilgate  Forest,  and  which  I  had  assigned  to  the 
^anodon,  solely  from  aoalogy,  have  been  correctly 
ippropriated ;  aud  we  obtain  also  a  knowledge  of 
pany  interesting  tacts  relating  to  the  structure  and 
tconomy  of  the  original.  Thus  as  the  iguana  lives 
ehiefly  upon  vegetables,  it  is  furnished  with  long 
■leader  feet,  by  which  it  is  enabled  to  climb  trees 
grith  facility,  in  search  of  food ;  but  no  tree  could 
^ve  borne  the  weight  of  the  colossal  iguanodon, — 
its  movements  must  have  been  confined  to  tlie  land 
KDd  water,  and  it  is  evident  that  its  enormous  bulk 
JDUst  have  required  limbs  of  great  strength.  Ac- 
'  cordingly  we  find,  that  the  hind  feet,  as  in  the 
liippopotamus,  rhinoceros,  and  other  large  mam- 
malia, were  composed  of  strong,  short,  massy  bones, 
furnished  with  claws,  not  hookeil  as  in  the  iguana, 
but  compressed  as  in  the  land  tortoises ;  thus  form* 
ing  a  powerful  support  for  the  enonnous  leg  and 
tbigh.  But  the  bones  of  the  hands,  or  fore  feet, 
are  analogous  to  those  of  the  iguana, — long,  slender; 
flexible,  and  armed  with  curved  claws  (PI.  in. 
fig.  1),  the  exact  counterpart  of  the  nail-bones  of 
the  recent  animal;  thus  furnishing  prehensile  in- 
struments fitted  to  seize  the  palms,  arborescent  ferns, 
and  dragon-blood  plants,  which  probably  consti- 
tuted the  food  of  the  original.  Here  we  have 
another  interesting  example  of  that  admirable  adap- 
tation of  structure  to  the  necessities  and  conditions 
of  every  form  of  eiistence,  which  is  alike  manifest, 
whstber  our  iuvestigations  be  directed  to  the  beings 
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around  us,  or  to  the  organization  of  those  vhich 
have  long  since  passed  away. 

The  stone  in  which  the  bones  are  imbedded  'a  ol 
that  hard  variety  of  the  grey,  arenaceous  limestone. 
called  Kffitish  raff,  wiiich  is  much  employed  in 
various  parts  of  Kent,  and  in  the  west  of  Sussex, 
for  building,  and  for  repairing  the  roads.  This 
rag  belongs  to  the  Shankliu  sands,  and  abounds  in 
the  marine  shells  which  are  characteristic  of  thsl 
division  of  the  chalk  formation.  In  the  quarry  in 
which  the  remains  of  the  iguanodon  were  found, 
Mr.  Bensted  has  also  discovered  fossil  wood  per- 
forated by  lithodomi,  or  boring  shells ;  impressions 
of  leaves,  stems  of  trees,  ammonilei,  nautili,  &c, ; 
large  conical  striated  teeth,  which  are  referable  to 
some  species  of  suuroid  fishes  ;  scales  and  teeth  of 
several  other  kinds  of  fishes,  and  among  these. 
a  jaw  or  mandible  of  that  singular  genus,  tht 
chimera. 

59.  Size  op  the  iguanodow. — Gigantic  as  rausl 
have  been  the  animal  discovered  by  Mr.  Bensted, 
there  are  in  my  collection  many  bones  which  indi- 
cate proportions  yet  more  colossal.  A  thigh  bona 
(PI.  III.  fig.  11),  from  the  west  of  Sussex,  (pre- 
sented to  me  by  J.  Napper,  Esq.)  is  3  feet  8  inches 
long,  and  35  inches  round,  at  the  largest  extremity 
(r);  and  the  shaft  of  another  femur  is  24.  inches  in 
circumference  I  The  following  is  the  result  of  a 
careful  comparison  of  some  of  the  fossil  bones,  with 
the  corresponding  ones  of  the  iguana,  with  the  view 
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of  ascertaining  the  probable  average  size  of  tbe 
original  animal  {vide  Geol.  of  the  South-East  of 
i£uglaDd,  p.  315);  we  should,  however,  bear  in 
'Blind,  ttiat  some  individuals  must  have  far  exceeded 
iHiis  estimate,  and,  if  they  bore  the  proportions  of 
Ktlie  recent  iguana,  have  been  upwards  of  100  feet 
iJD  length  \ 

I       Length  of  the  iguanodon  from  the  anout  to  the  1 

'!•  lipofthelaa |70    feeL 

I  „      of  the  head 

„      of  the  ben]/ 

I  „      of  the  tail 62i 

Beight  from  the  ground  to  the  top  of  the  head       9 
i'      Crrcninference  of  the  hody 

Length  of  the  thigh  and  leg 

Circumference  of  tlie  thigh  ....... 

|.     Length  of  the  hind  foot  from  the  heel  to  thi 
point  of  the  long  toe 

Of  course  this  calculation  ia  offered  but  as  an 
approximation  ;  we  cannot,  however,  for  a  moment 
•doubt,  that  an  animal  possessing  a  bodj'  requiring 
thigh  bones  eight  inches  in  diameter  to  support  it, 
must  have  been  of  prodigious  magnitude ;  such 
bones,  if  covered  wilh  muscles  and  integuments, 
would  form  limbs  upwards  of  seven  feet  id  circum- 
ference I 

The  vertebriB,  or  bones  of  the  spine,  are  generally 
found  detached  and  mutilated ;  but  I  have  one  spe- 
cimen in  which  the  lirat  six  (caudal)  vertcbrs  of 
the  tall  are  admirably  preserved,  and  He  imbedded 
in  a  block  of  stone  in  their  natural  position  (PL  III, 
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Ihe  wii 
IBM  te 

feattHl 


fig.  8).  The  bodies  of  these  bunes  are  slighm 
cave  at  botb  extrcrajtiee;  the  spinous  procei 
whicb  are  almost  perrcct>  are  lH  inclieB  high.   ' 

5  three  c/ienron  buiiea  (&,  6),  or  inferior  spin 
processes,  lying  beneath  the  vertebnc.     The  v 
r  rather  height,  of  tlie  tail  to  which  these  t 
belonged,  must  have  been  at  lea^t  27  iDchl 
its  entire  length  about  22  feet. 

I  wiU  notice  one  other  remarkable  featlH 
the  structure  of  the  iguanodon.  The  iguanas 
distinguished  among  the  lizards  by  their  exubei 
dermal  appendages ;  some  have  serrated  procei 
or  spines  on  the  back,  as  in  this  specinieu  fi 
Barbadoes,  presented  to  me  by  U.  I.  Murchii 
Esq,,  late  President  of  the  Geological  Sooit 
and  others  on  the  tail ;  while  many  have  wuM 
horny  protuberances  on  the  head  and  snout,  fl 
extraordinary  relic  before  you,  is  the  fossil^ 
of  the  iguanodon  (Plate  III.  fig.  5),  from  IM 
Forest.*  It  is  composed  of  bone,  and  bearsfl 
on  its  surface  of  the  intpgument  with  which  ^ 
invested ;  it  is  four  iuclies  high ;  the  base,  whio 
of  an  irregular  elliptical  form,  is  3.2  inehes  by  '. 
In  this  additional  analogy  between  the  iguanoi 
and  the  iguana,  we  perceive  another  insta 
that  law  of  co-relotion  of  form  of  which  a 
searches  have  aifurdcd  so  many  example*. 

The  fossil  plants  with  which  the  remaina  < 
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iguanodon  are  associated,  were  furnished  with  tough, 
thick  stems,  like  those  of  the  palms,  tree-rerns, 
yneca,  &e.  These  probably  constituted  the  food  of 
the  original;  and  the  peculiar  structure  of  its  teeth 
was  evidently  required,  and  admirably  adapted,  for 
the  mastication  of  such  vegetable  productions. 

60.  The. H\LMoaAVRu»  {Wealdeti lizard,  PI.IV.) 
^-Iv  the  summer  of  1832, 1  discovered,  in  the  lime- 
stone of  Tilgate  Forest,  the  remains  of  a  reptile,  not 
less  extraordinary  than  the  iguanodon,  and  which  I 
have  named  /ii/ltBosaurus,  to  denote  its  relation  to 
the  wealden  formation.  A  block  of  calciferous  grit 
had  been  broken  up  by  the  quarrymen,  and  a  great 
part  of  it  thrown  upon  the  road,  as  it  was  not  sup- 
posed to  contain  any  thing  interesting.  Accidentally 
visiting  the  quarry,  I  noticed  indications  of  bones 
in  several  pieces  of  stone  on  the  road-side,  and 
therefore  directed  that  the  remaining  portions  should 
be  collected,  and  sent  to  my  residence.  Having 
cemented  the  fragments  together,  and  chiselled  off 
the  hard  grit  in  which  the  bones  were  wholly  im- 
bedded, and  to  which  they  are  still  attached,  I 
succeeded,  after  much  labour,  in  displaying  a  con- 
siderable portion  of  the  skeleton  of  a  reptile,  which 
blends  the  osteo/offy  of  the  crocodile  leitk  that  of  the 
lizard.  The  vertebric  of  the  neck  (PI.  IV.  1), 
several  of  the  back  (PI.  IV.  2),  many  ribs  (PI.IV.  S), 
and  the  bones  of  the  stemtim  (PI.  IV.  6),  or  chest, 
remain  ;  there  are  also  dermal,  or  skin-bones,  which , 
in  snimals  of  this  family,  support  the  large  scales. 


But  the  moat  extraordinary  parts,  are  manj  mor- 
mous,  angular,  spinous  bones  (PI,  IV.  +,  5),  which 
lie  in  the  direction  of  the  vertebral  column,  and 
evidently  extended  like  a  serrated  fringe  along  the 
back  of  the  animal.  Many  of  the  existing  lizarda, 
particularly  the  cyclvra,  have  remarkable  appen- 
dages of  this  kind.  This  figure,  from  Dr.  Harlas't 
valuable  work,  shows  how  lai^ely  these  curiow 
processes  are  developed  in  some  species.* 


The  length  of  the  hjlBcosaurus  was  probablj 
about  twenty-five  feet.  In  the  same  block  of  stone 
were  masses  uf  vegetable  remains,  with  seed-vesseli, 
and  stems  of  ClaUiraria  Li/ellii.-f  I  have  lately 
obtained  many  boues  of  tliis  extraordinary  creature 
from  a  bed  of  clay  near  Crawley  ;  and  also  a  most 
interesting  specimen  of  the  vertebral  column,  com- 

"  Medicrf  and  Physical  Kcsearches,  by  R.  Harlan,  M.D., 
F.Q.S.,  Bvo.  Philadelphia,  1835. 

t  Geobg;  of  the  Soutb-Eaat  o(  England,  p.  316,  PL  T.  il 
an  Mcellenl  lithograph  of  this  specimen,  by  Mr.  PoUtrd,  of 
Weit-street,  Brighton. 
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prising  nearly  thirty  vertebrsB  of  the  tail  and  back, 
with  many  dermal  and  spinous  bones,  ribs,  &c.  ex- 
hibiting very  peculiar  osleologlcai  characters.  The 
teeth  of  the  hylffiosauniB  are  unknown ;  but  in  the 
quarries  where  the  bones  of  that  reptile  were  dis- 
covered, I  have  found  teeth  of  a  very  peculiar  form 
(PI.  in.  fig.  i),  which  appear  to  liave  belonged  to 
a  reptile,  and  are  entirely  distinct  from  those  of  the 
m^alosaurua,  iguanodon,  crocodile,  and  plesioaau- 
nis,  whose  remains  occur  in  the  Tilgate  strata. 

61.  Flying  HEPrrLBs,  or  pterodactyles, — 
The  remains  of  thin  and  slender  bones,  evidently 
belonging  to  animals  capable  of  flight,  were  among 
my  earliest  discoveries  in  the  strata  of  Tilgate 
Forest  Some  of  these  bones  appear  to  be  refer- 
able to  those  singular  extinct  creatures  called  ^feT-o- 
daetylea,  or  wing-toed  reptiles,  which  had  a  beak 
like  a  bird,  a  long  neck,  and  a  wing  sustained  prin- 
cipally on  an  elongated  toe.  It  is  sufficient  in  this 
place,  merely  to  notice  the  occurrence  of  these  re- 
mains in  the  wealden  ;  the  subject  will  be  resumed 
in  the  succeeding  lecture. 

62,  Fossil  bihds.  —  In  describing  the  fossil 
remains  of  the  animals  of  the  older  tertiary  epoch, 
it  was  stated  that  several  recent  genera  of  birds 
were  contemporaneous  with  the  palteotheria  (page 
231)  i  but  that  no  traces  of  this  class  of  animated 
nature  had  been  found  in  the  chalk,  or  in  ptrata  of 
an  earlier  date.  The  discovery  of  the  undoubted 
remains   of  birds   in  the   grit  of  Tilgate  Forest, 
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became,  therefore,  a  fact  of  great  interest  and  im- 
portance iu  the  phyaical  history  of  the  globe.  After 
Belccting  the  bones  which  appeared  to  belong  to 
pterodactylea,  several  remained  tvhich  bore  so 
striking  a  resemblance  to  those  of  waders,  that  J 
ventured  to  describe  them  as  such  in  my  work  on 
the  Fossils  of  Tilgate  Forest ;  and  this  opinion  was 
corroborated  by  Baron  Cuvier,  to  whom  I  showed 
the  specimens  on  his  last  visit  to  England.  Sub- 
sequently, I  have  obtained  th>!  inferior  portion  o( 
a  leg-bone  {tano-metatarsal),  in  which  the  oval 
cicatrix,  or  articulation  for  the  hind  toe,  is  distinctly 
visible,  and  proves  unquestionably  that  the  bone 
belonged  to  some  kind  of  wader,  perhaps  a  heron ; 
the  position  of  the  hind  toe  in  birds,  varying  in 
accordance  with  the  habits  and  economy  of  the 
respective  orders  (page  136).  These  are  the  most 
ancient  remains  of  birds  that  have  hitherto  been 
discovered.* 

63.  The  country  of  the  iguanodon. — By 
this  survey  of  the  strata  and  organic  remains  of  the 
wealden,  we  have  acquired  data  from  which,  by  the 
principles  of  induction,  already  explained  (page  347), 
we  may  obtain  secure  conclusions  as  to  the  nature 
of  the  country  from  whence  those  spoils  were  de- 
rived, of  the  animals  by  which  it  was  inhabited. 
and   of  the    vegetables   that  covered    its   surface. 
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That  country  must  have  been  diyersified  by  hiil  and 
dale,  by  streams  and  torrentB,  the  tributaries  ot  its 
mighty  river.  Arborescent  ferns,  palms,  and  yuccas, 
constituted  its  groves  and  forests ;  delicate  fernH  and 
grasses,  the  vegetable  clothing  of  its  soil ;  and  in 
ile  marshes,  equiseta,  and  plants  of  a  like  nature, 
prevailed.  It  was  peopled  by  enormous  reptiles, 
among  which  the  colossal  iguanodon  and  the  mega- 
losaurus  were  the  chief.  Crocodiles  and  turtles, 
flying  reptiles  and  birds,  frequented  ils  fens  and 
rivers,  and  deposited  their  eggs  on  the  banks  and 
shoals;  and  its  waters  teemed  with  lizards,  fishes^ 
and  moUuBca.  But  there  is  no  evidence  that  Man 
ever  set  his  foot  upon  that  wondrous  soil,  or  that 
any  of  the  animals  which  are  his  contemporaries 
found  there  a  habitation :  on  the  contrary,  not  only 
is  evidence  of  their  existence  altogether  wanting,  but 
from  numberless  observations  made  in  every  part  of 
the  globe,  there  arc  conclusive  reasons  to  infer,  that 
man  and  the  existing  races  of  animals  were  not 
created,  till  myriads  of  years  after  the  destruction  of 
the  iguanodon  country — a  country,  which  language 
can  but  feebly  portray,  but  which  the  magic  pencil 
of  a  Martin,  by  the  aid  of  geological  research,  has 
rescued  from  the  oblivion  of  the  past,  and  placed 
before  us  in  all  the  hues  of  nature,  with  its  appalling 
dragon- forms,  its  forests  of  palms  and  tree-ferns,  and 
the  luxuriant  vegetation  of  a  tropical  clime.* 
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64.  SeqUENCE  of  geological  ckamobs, 
us  now  review  the  sequence  of  thoae  Btupeiu 
changes,  of  which  our  exaiuinatiou  of  the  gi 
gicBl  phenomena  of  the  Bouth-east  of  England 
affurded  such  incontrovertible  evidence.     From 
facti  brought  before  us,  we  learn  that  at  a  pi 
incalculably  remote,  there  existed  in  the  nortbent 
hemisphere  an  extensive  island  or  continent, 
sessing  a  climate  of  such  a  temperature,  that 
surface  was  clothed  with  coniferous  trees,  arboi 
cent  ferns,  and  plants  allied  to  the  cycas  and 
and  that  the  ocean  which  washed  its  shor 
inhabited  by  turtles  and  reptiles  of  extinct  genera. 
This  island  and  its  forests  suffered  a  partial  subsi- 
dence, which  was  effected  in  such  manner  that  maoj 
of  the  trees,  although  torn  and  rent,  still  retainadi 
their  erect  position;    and  the  xamiae.  and  a  conA 
derable  layer  of  the  vegetable  mould  in  which  iiwf 
grew,  remained  undisturbed.    In  this  state  an  inaif 
dntion  of  fresh-water  covered  the  once  flourishing 
forest,  and  deposited  upon  the  soil  and  around  tha 
trees  a  calcareous  mud,  which  gradually  consoli* 
dated  into  fine  limestone ;  water,  holding  Hint  in 
solution,  percolated  through  the  mass,  and  silieilied 
the  now  submerged  trees  and  plants.      A  furthM 
depression    took    place  —  a  body  of  fresh  water, 
brought  down    by   land-floods   and   rivers,   oveiv 
wlielmed  the  petrified  forest,  and  heaped  upon  i| 
accumulations  of  debris,  which  their  parent  atreaou 
had  washed  away  from  the  rocks  over  which  tlin 
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had  flowed.  The  country  traversed  by  the  rivers, 
like  that  of  the  submerged  forest,  enjoyed  a  tropical 
ctimate ;  it  was  clothed  with  palms,  arborescent 
ferns,  and  plants  allied  to  the  yucca  and  the  dra- 
ctGQs,  and  tenanted  by  enormous  reptiles,  croco- 
diles) aod  land  and  fresh-water  turtles ;  and  in  its 
waters  were  various  kinds  of  fishes,  mollusca,  and 
aquatic  plants.  The  bones  and  teeth  of  the  reptiles 
— ^the  remains  of  the  turtles— the  teeth  and  scales 
of  fishes — the  shells  of  the  snails  and  muscles — 
the  stems,  leaves,  and  even  seed-vessels,  of  the 
trees,  were  carried  down  by  the  stream,  and  de- 
posited in  the  mud  of  the  delta,  beneath  which 
the  petrified  forest  was  now  buried.  This  state 
continued  for  a  long  period :  another  change  took 
place ;  the  country  and  its  inhabitants  were  swept 
away,  and  the  delta,  and  the  strata  on  which  it 
reposed,  were  submerged  to  a  great  depth,  and 
formed  part  of  the  bottom  of  a  profound  ocean, 
whose  waters  teemed  with  myriads  of  zoophytes, 
shells,  and  fishes,  of  species  that  are  now  no  more. 
Thermal  waters,  holding  calcareous  and  silicious 
matter  in  solution,  were  poured  into  its  basin,  and, 
in  its  tranquil  depths,  layers  of  flint  and  chalk  were 
deposited.  And  so  rapidly  were  these  changes 
effected,  that  fishes,  while  in  the  act  of  swimming, 
were  arrested  in  their  progress,  and  became  suddenly 
enveloped  in  a  bed  of  rock.  Tiiis  epoch  was  of 
considerable  duration  :  at  length  elevatory  move- 
ments began  to  take  place,  the  bottom  of  the  deep 
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was  slowly  up-heaved,   and  as  tbe  elevation  con- 
tinued, the  depositioiJs  wliich  had  formed   in  the 
basin  of  the  ocean,  and  had  become  consolidated, 
were  broken  up,  and  as  they  approached  the  surface 
were  acted  upon  by  the  waves.     The  chalk  strata 
now  began  to  suffer  degradation  and  destruction, 
and   the  delta   of  the    country  of  the  iguBflodon 
emerged  above  the  waters ;  and  finally,  even  Ihe 
ancient  petrified  forest  was  brought  to  view,  and 
became  dry  land.     At  length  some  masses  rose  to 
an  elevation  of  a  few  hundred  feet  above  the  level 
of  the  sea,  and  formed  a  group  of  islands ;  but,  in 
the  depressions  of  the  strata  beneath  the  wateii) 
deposits  went  on,  from  the  waste  of  the  cliffs  « 
the  sea-shores.      Large  mammalia  now  inhabita 
such   portions   of  the  former  ocean-bed   as  ' 
clothed  with  vegetation,    and  as   they  died   ' 
skeletons  were  enveloped  in  the  accumulations  « 
mud  and  gravel  which  were  forming  in  the  bat^ 
and  estuaries.      This  era  also  passed  away- 
elevatlon  continued — other  portions  of  the  b< 
the  chalk-ocean  became  dry  land — and  at  leng 
also  those  newer  strata,  in  which  the  remains  ■ 
the  mammoth  and  the  elk,  the  last  tenants  of  ti 
country,  were  entombed.     The  oak,  elm,  ash,  a 
other  trees  of  modern  Europe,  sprang  up  v 
the  palms  and  tree-ferns  once  flourished ;   the  dec 
boar,  and  horse,  ranged  where  the  mighty  reptita 
once  ruled  sole  monarchs   of   the  country ; 
lastly,  man  appeared,  and  took  possession  of  tl 
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soil.  At  the  present  time,  a  city*  stands  on  the 
deposits  which  contain  the  remains  of  the  elephant 
and  the  elk ;  the  huntsman  courses,  and  the  shep- 
herd tends  his  flocks,  on  the  elevated  and  rounded 
masses  of  the  bottom  of  the  ancient  chalk-ocean  if 
the  iarmer  reaps  his  harvests  upon  the  cultivated 
soil  of  the  delta  of  the  iguanodon  ;;[;  and  the  archi- 
tect seeks,  beneath  the  petrified  forest,  for  the 
materials  with  which  to  construct  his  edifices. 

65.  Retrospect  of  geological  mutations. 
— Such  is  a  plain  enunciation  of  the  results  of  our 
investigations ;  but  I  will  embody  these  inductions 
in  a  more  impressive  form,  by  employing  the  meta* 
phor  of  an  Arabian  writer,  and  imagining  some 
higher  intelligence  from  another  sphere,  to  describe 
the  physical  mutations  of  which  he  may  be  supposed 
to  have  taken  cognizance,  from  the  period  when  the 
forests  of  Portland  were  flourishing,  to  the  present 
time.  Countless  ages  ere  man  was  created,  he  might 
say,  I  visited  these  regions  of  the  earth,  and  beheld 
a  beautiful  country  of  vast  extent,  diversified  by. 
hill  and  dale,  with  its  rivulets,  streams,  and  mighty 
rivers,  flowing  through  fertile  plains.  Groves  of 
palms  and  ferns,  and  forests  of  coniferous  trees, 
clothed  its  surface ;  and  I  saw  monsters  of  the 
reptile  tribe,  so  huge  that  nothing  among  the  ex- 
isting races  can  compare  with  them,  basking  on  the 
banks  of  its  rivers  and  roaming  through  its  forests ; 

•  Brighton.  f  The  South  Downs. 
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while,  in  its  fens  and  niarahes,  were  sporting  thou- 
sands of  crocodiles  and  turtles.  Winged  reptiles  of 
strange  forms  shared  with  birds  the  domiDion  of  tbe 
air,  and  the  waters  teemed  with  fishes,  shells,  and 
Crustacea.  And  after  the  lapse  of  many  ages  I 
again  visited  the  earth  ;  and  the  country,  with  its 
innumerable  dragon-forms,  and  its  tropical  forests, 
all  had  disappeared,  and  an  ocean  had  usurped  their 
place.  And  its  waters  teemed  with  nautili,  ammo- 
nites, and  other  cephalopoda,  of  races  now  extincti 
and  innumerable  fishes  and  marine  reptiles.  And 
thousands  of  centuries  rolled  by,  and  I  returned, 
and,  lo  I  the  ocean  was  gone,  and  dry  land  bad 
again  appeared,  and  it  was  covered  with  groves  and 
forests;  but  these  were  wholly  different  in  character 
from  those  of  the  vanished  country  of  the  iguanodon. 
And  1  beheld,  quietly  browsing,  herds  of  deer  of 
enormous  size,  and  groups  of  elephants,  mastodous, 
and  other  herbivorous  animals  of  colossal  magni- 
tude. And  I  saw  in  its  rivers  and  marshes  the 
hippopotamus,  tapir,  and  rhinoceros;  and  I  heard 
t!ie  roar  of  the  lion  and  the  tiger,  and  the  yell  of 
the  hyena  an<l  the  bear.  And  another  epoch  passed 
away,  and  I  came  again  to  the  scene  of  my  former 
contemplations ;  and  all  the  mighty  forms  which  I 
had  left  had  disappeared,  the  face  of  the  country  no 
longer  presented  the  same  aspect ;  it  was  broken 
into  islands,  and  the  bottom  of  the  sea  had  become 
dry  land,  and  what  before  was  dry  land  had  sunk 
beneath  the  waves.      Herds  of  deer  were  still  to 
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be  seen  on  the  plains,  with  awine,  and  horses,  and 
oxen  ;  and  wolves  in  the  woods  and  forests.  And 
I  beheld  human  beings,  clad  tn  the  skins  of  animals, 
and  armed  with  clubs  and  spears ;  and  they  had 
formed  themselves  habitations  in  caves,  constructed 
huts  for  shelter,  inclosed  pastures  for  cattle,  and 
were  endeavouring  to  cultivate  the  soil.  And  a 
thousand  years  elapsed,  and  I  revisited  the  country, 
and  a  village  had  been  built  upon  the  sea-shore,  and 
its  inhabitants  supported  themeelves  by  fishing ; 
and  they  had  erected  a  temple  on  the  neighbouring 
hill,  and  dedicated  it  to  their  patron  saint.  And 
the  adjacent  country  was  studded  with  towns  and 
villages ;  and  the  downs  were  covered  with  flocks, 
and  the  valleys  with  herds,  and  the  corn-fields 
and  pastures  were  in  a  high  state  of  cultivation, 
denoting  an  industrious  and  peaceful  community. 
And  lastly,  after  an  interval  of  many  centuries,  1 
BTTtved  once  more,  and  the  village  was  swept  away, 
and  its  site  covered  by  the  waves ;  but  in  the 
Yalley  and  on  the  hills  above  the  clitfs  a  beautiful 
city  appeared ;  with  its  palaces,  its  temples,  and  its 
thousand  edifices,  and  its  streets  teeming  with  a 
Wsy  population  in  the  highest  state  of  civilization ; 
the  resort  of  the  nobles  of  the  land,  the  residence 
of  the  monarch  of  a  mighty  empire.  And  I 
perceived  many  of  its  intelligent  inhabitants  ga- 
thering together  the  vestiges  of  the  beings  which 
bad  lived  and  died,  and  whose  very  forms  were 
DOW  obliterated  from  the  face  of  the  earth,  and 


endeavouring,  by  these  natural  memorials,  to  trace 
the  Buccession  of  those  events  of  whicli  I  had  been 
the  witness,  and  which  bad  preceded  tbe  history  of 
their  race,' 

•  The  concluding  portion  of  theie  [cmukB  refers  to  the 
changes  ihat  have  taken  phice  on  the  Sussex  coast,  during  tlie 
historical  era.  Before  the  Conquest,  the  grcmeTpartorthe  Utile 
fi«hinetownofBrighlhelniaton(Brt^fttteiBi"j-(o«>n),  orBrighloa, 
was  situated  below  the  cliffs,  on  a  terrace  of  beach  and  sand,  now 
covered  by  the  waves.  The  Church,  dedicated  to  St.  Nieholii, 
the  patroli  saint  of  flshertnen,  tras  phoed  ou  an  eminence,  lliit 
ik  miglit  aerve  as  a  land-mark.  The  inroads  of  the  Eea  led  U 
the  etection  of  buildings  on  thehigh  ground,  and  its  progresavt 
encroachment  gradually  diminished  the  area  of  the  ancient  to^a, 
till  at  length  a  sudden  inundation,  but  little  more  than  a  ceDCni7 
ago,  swept  away  the  houses,  forlificatioiiE,  and  inclosures,  th>t 
remained.'  The  sea  has,  therefore,  only  reeuined  its  former 
position  at  the  base  oflhecHlIs;  the  site  of  the  oldtonn  having 
befD  an  aiitieul  bed  of  aliingle,  jbinduned  fur  ag-cs  by  the  ocean, 
perhaps  contemporaneously  with  (he  retreat  of  its  waters  from 
the  valley  of  the  Ouse.  Should  (he  advancement  of  the  sea  be 
s(itl  progressive,  Lenes  Levels  may  again  become  an  estuary, 
and  the  town  of  (he  Cliff,  and  the  hamlet  of  Landporl,  legaio 
the  characters  from  which  (heir  names  were  derived.  See  page  4£. 

"  llluatratjonsofthe  Geology  of  Sussex,  page292.  Geology 
of  the  South-East  of  England,  page  23.  Datlaway'a  Weatem 
Sossex,  Vol.  I.  page  65. 
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A.  Page  21. — The  surface  of  the  MooN.-r-The  moon 
is  the  only  planetary  body  placed  sufficiently  near  us,  to 
have  the  inequalities  of  its  surface  rendered  distinctly  visible 
with  the  telescope.  Attendant  on  the  earth,  and  having 
nearly  the  same  density,  we  may  reasonably  infer  that  the 
mineral  substances  of  which  it  is  composed  do  not  differ 
essentially  from  those  on  the  surface  of  pur  own  planet. 
Astronomers  now  generally  admit  that  the  moon  is  sur- 
rounded by  a  very  clear  atmosphere,  but  which  is  so  low 
that  it  scarcely  occasions  a  sensible  refraction  of  the  rays 
of  light  when  it  passes  over  the  fixed  stars.  Many  of  the 
dark  parts  of  the  moon,  particularly  the  part  called  mare 
crisium,  appear  to  be  covered  with  a  fluid,  which  may  pro- 
bably be  more  transparent  and  less  dense  than  water,  as 
the  form  of  the  rocks  and  craters  are  seen  beneath  it,  but 
not  so  distinctly  as  in  the  lighter  parts  of  the  moon's  sur- 
face. To  examine  the  moon  with  a  reference  to  its  exter- 
nal structure,  the  defining  power  of  the  telescope  should  be 
of  the  first  quality,  sufficient  to  show  the  projections  of  the 
outer  illuminated  limb  as  distinctly  as  tney  appear  when 
the  moon  is  passing  over  the  disj^  of  the  sun  during  a  solar 
eclipse.  With  such  a  telescope,  and  a  sufficient  degree  of 
light  and  of  magnifying  power,  almost  every  part  of  the 
moon's  surface  appears  to  be  volcanic,  containing  craters  of 
enormous  magnitude  and  vast  depth :  the  shelving  rocks, 
and  the  different  internal  ridges  within  them,  mark  the 
stations  at  which  the  lava  has  stood  and  formed  a  floor 
during  different  eruptions ;  while  the  cones  in  some  of  the 
craters  resemble  those  formed  within  modem  volcanoes. 
The  largest  mountain  on  the  southern  limb  of  the  moon, 
like  the  largest  volcanic  cone  on  the  earth,  Chimboraxo^ 
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has  no  deep  crater  on  iU  Bummit.  Tbere  are  indeed  tbe 
outlines  of  the  crater,  but  it  is  nearly  filled  up ;  while  fron 
the  foot  of  thia  lunar  mountain  diverging  atreaios  of  Un 
seem  to  flow  in  different  directions,  to  the  distance  of  u 
hundred  miles.  Tlie  longest  known  current  of  moden 
lava  on  the  earth  is  in  Iceland ;  it  extends  sixty  inile«;  W 
the  volcanoes  in  that  island  bear  no  proportion  to  tiumd 
the  moon  in  magnitude. — Mr,  BakmtU, 


KPaye  60.— The 
perature  was,  in  (he  winter,  in  the  warmest  parts,  than 
""  '         "  -  '       '    ■■        '  '■  ■    '  "  y  constant; 

, ,  n  JanauT, 

March,  May,  and  the  heginning  of  June  ;  being  nein; 
twenty  degrees  above  the  mean  temperature  of  the  Unx*- 
ipbeie,  it  must  tlierefore  be  supplied  with  heat  from  s  Mib* 
terraneous  source.  Kircber  iias  detailed  in  his  Mmiu 
SuhtiTTinuut  various  wonders  respecting  this  lake,  moitiif 
which  are  unfounded,  such  as  that  it  is  unfathomable,  Ihil 
it  has  at  the  bottom  the  heat  of  boiling  water,  and  thai 
floating  islands  rise  from  the  gulf.  It  must  certainly  be  very 
difficult,  or  even  impossible  to  fathom  a  source  which  nKi 
with  so  much  violence  from  a  subterraneous  excBVation; 
and  at  a  time  when  chemistry  had  made  small  progress,  it 
was  easy  to  mistake  the  disengagement  of  carbonic  acid 
for  an  actual  ebullition.  The  floating  islands  ore  real,  but 
neither  the  Jesuit  nor  any  of  the  writers  who  bave  sines 
described  thia  lake,  have  had  a  correct  idea  of  their  origin, 
which  is  exceedingly  curious.  The  high  temperature  of 
this  water,  and  the  quantity  of  carbonic  acid  that  it  con- 
taint,  render  it  peciuiai 
nourishment  to 
ore  every  where  covered  with  reeds,  lichens,  coufervEe,  and 
various  kinds  of  aquatic  vegetables.  At  the  same  time 
that  the  process  of  vegetable  life  is  going  on,  the  crystalli- 
zation of  the  calcareous  matter,  which  ia  every  where 
deposited  in  conscquencu  of  the  eMape  of  carbonic  acid, 
likewise  proceeds,  and  gives  a  conslant  milkinesi  to  wbat 
from  its  tmt  would  otherwise  be  a  blue  fluid.  So  rapid  is 
the  vegetation,  owing  to  the  decompoution  of  thecMfcanle 
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tcid,  tbat  eren  in  winter  masses  of  conferrs  and  licheni, 
['nixed  Tith  deposited  travertine,  are  conatontly  detached 
"ly  the  currents  of  wster  from  the  bank,  and  float  down  the 
tream,  which  being  a  coneidereble  river,  is  never  without 
.jdbhj  of  these  imall  islands  on  its  surfHce.  They  are  aome- 
rifiineB  only  a  fen  iaches  in  size,  and  composed  merely  of 
■  dark  green  confervsE,  or  purple  or  yellow  lichens ;  but, 
occasionally,  are  even  several  feet  in  diameter,  and  con- 
tain seeds  and  various  species  of  common  wutcr-planla, 
which  are  usually  more  or  less  incnisted  with  marble. 
There  is,  I  believe,  no  place  in  the  world  where  there  is  a 
iinore  striking  example  of  the  opposition  or  conlmst  of  the 
^WB  of  animate  and  inanimate  nature,  of  the  farces  of 
inorganic  chemical  affinity,  and  those  of  the  powers  of  life. 
Vegetables,  in  such  a  temperature,  and  every  where  aur- 
tmrnded  by  food,  are  produced  with  a  wonderful  rapidity ; 
but  the  cryatalli nations  are  formed  with  equal  qmokness, 
and  are  no  sooner  produced  than  they  are  destroyed  toge- 
ther. Notwithstanding  the  aniphureous  exhalations  from 
the  lake,  the  quantity  of  vegetable  matter  generated  there, 
and  its  heat,  make  it  the  resort  of  an  iniinite  variety  of 
Insect  tribes;  and,  even  in  the  coldest  days  hi  winter, 
numbers  of  flies  may  be  observed  on  the  vegetables  sur^ 
rounding  its  banks,  or  on  its  floating  islands.  Tlieir  larvce 
may  also  be  seen  there,  sometimes  incruated  and  entirely 
destroyed  by  calcareous  matter,  as  well  as  the  insects  them- 
selves, end  various  specit^a  of  abcll-fish  that  are  found 
amongst  the  vegetables  which  grow  and  are  destroyed  in 
the  travertine  on  its  banks.  Snipea,  ducks,  and  other 
Water-birda,  often  visit  these  lakes,  probably  attracted  by 
the  temperature  and  the  quantity  of  food  in  which  they 
abound;  but  they  usually  confine  themselves  to  (he  banks, 
aa  (he  carbonic  acid  disengaged  from  the  surface  would  be 
fetal  to  them,  if  they  ventured  to  swim  upon  it  when  tran- 
quil. In  May  18—,  I  fixed  a  stick  on  a  masa  of  travertine 
covered  by  the  water,  and  examined  it  in  the  beginning  of 
the  April  following,  for  the  purpose  of  delerminuig  the 
nature  of  the  deposi^ons.  "Ae  water  was  lower  at  this 
time ;  yet  1  had  some  difficulty,  by  means  of  a  sharp- 
pointed  hammer,  in  breaking  the  mass  which  adhered  to 
the  bottom  of  the  stick ;  it  was  several  inches  in  tliicknesa. 
The  upper  part  was  a  mixture  of  light  tuik  and  leavea  of 


confervic ;  below  lliJs  waa  a  darker  and  more  rompact 
travertine,  containing  black  and  decomposed  mas»ei  of 
conferva;  in  the  inferioT  part,  tlie  travertine  was  more 
solid,  and  of  a  grey  colour,  hut  with  caviliea  wliich  I  have 
no  doubt  were  produced  by  the  deconipoaition  nf  vegetable 
matter.  1  have  passed  many  hoiire,  I  may  say  days,  in 
■tudying  tbc  phenomena  nf  this  wonderful  lake ;  it  bai 
brought  trnins  of  thought  into  my  mind  coonpcted  with 


early  changes  ot  our  glotie ;  ana  i  nave  somelinia 
llled  from  the  forma  of  plants  and  animals  preserved 
in  marble  in  this  thermal  source,  to  the  grander  depositioni 
in  the  secondar)-  rocks,  where  the  zoophytes  or  coral  insects 
have  worked  upon  a  grand  scale,  and  where  pnlms  and 
vegetables,  now  unknown,  are  preserved  with  the  remoini 
of  crocodiles,  turtles,  and  gigantic  extinct  saurian  animils, 
which  appear  to  have  belonged  to  a  period  when  the  whole 
globe  possessed  a  much  higher  temperature.  I  have  like- 
wise often  been  led,  irom  the  remarkable  phenoment 
surrounding  me  in  that  spot,  to  compare  the  works  of  man 
with  those  of  nature.  The  baths,  erected  there  nearly 
twenty  centuries  ago,  present  only  heaps  of  ruins,  and 
even  the  bricks  of  which  they  were  built,  ihougli  hardened 
by  fire,  are  crumbled  into  dust ;  whilst  the  masses  of  tra- 
vertine around,  though  formed  by  a  variable  source  from 
the  most  perishable  materials,  have  hardened  by  time,  and 
the  most  perfect  remains  of  the  greatest  ruins  in  the  eternal 
city,  such  as  the  triumphal  arches  and  the  Colosseum,  owt 
their  duration  to  this  source- 
How  marvellous  are  those  laws  by  whicli  the  humblest 
types  of  organic  existence  are  preserved,  though  bom 
amidst  the  sources  of  their  destruction,  and  by  which  i 
species  of  immortality  is  given  to  generations  floating,  as  it 
were,  like  evanescent  bubbles  on  a  stream  raised  from  the 
deepest  caverns  of  the  earth,  and  instantly  losing  what 
may  be  called  ita  spirit  in  the  atmosphere. — Sir  Humpkrtg 
Davy's  Laal  Dayt  of  a  Pkiloaoiiher, 


C.  Page  62.  —  Caverns.  —  One  of  the  most  common 
appearances  in  limestone  caverns,  ii  the  formatjoR  of 
What  are  called  ilalaetilei,  from  a  Greek  word  sj^nifying 
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[  distillatiDn,  or  dropping.  To  explain  tliese,  a  brief  de- 
■criplion  of  the  mode  of  their  production  will  be  necessary. 

I  'Whenever  vater  filters  diTougli  a  linicalone  rock,  itdissolveg 
a.  portion  of  it ;  and  on  teacbing  any  opening,  such  as  a 
cavern,  either  at  ita  sides  or  roof,  it  forms  a  drop,  the 
moisture  of  which  is  soon  evaporated  by  the  air,  leaving  a 
■moll  circular  plaU  of  calcareous  matter ;  another  drop 
succeeds  in  the  same  place,  and  adds,  from  the  same  cause, 
a  frcah  coat  of  incrustation.  In  time,  these  successive 
additions  produce  a  long,  irregular,  conical  projection  &om 
the  roof,  which  is  continually  being  increased  by  the  fresh 
accession  of  water  loaded  with  calcareous  or  chalky  matter, 
which  it  depoaita  on  ,the  outside  of  the  alatactile  already 
ibrmed,  and  trickling  down,  adds  to  its  length  by  subsiding 
to  the  point,  and  being  dried  up  as  before ;  preciaeiy  in 
the  same  manner  as  during  froaly  weather,  icicles,  which 
are  italactiUa  of  ice,  ot  frozen  water,  are  formed  on  the 
edges  of  the  eaves  of  a  roof.  When  Che  supply  of  water 
holding  lime  in  solution  is  too  rapid  to  allow  of  its  evapo- 
ration at  (he  bottom  of  the  stalactite,  it  diops  to  the  floor 
of  the  cave,  and  drying  up  gradually,  forms,  in  like  manner, 
a  ilalactiie  rising  upwards  from  the  ground,  instead  of 
hanging  from  the  roof;  these  are  called,  for  the  sake  of 
distinetloll,  ttalagmilei. 

It  frequently  happens,  where  these  processes  are  unin- 
terrupted, that  a  stalactite  hanging  from  the  roof,  and  a 
ttalagmite  formed  immediately  under  it  from  the  super- 
abundant water,  increase  till  they  unite,  and  thus  consti- 
tute a  natural  pillar,  apparently  supporting  tlie  roof  of  the 
grotto;  it  ia  to  the  grotesque  forma  assumed  by  stalactites, 
and  these  natural  columns,  that  caverns  owe  the  interesting 
appearances,  described  in  such  glowing  colours  by  (hose 
who  witness  tliem  for  the  first  time. — Saturday  Magaxine, 
No.  42. 


D.  Page  62.— Wevek's  cave. —This  cave  is  situated  in 
B  ridge  of  limestone  hills,  running  parallel  to  (he  Blue 
mountains.  A  narrow  and  rugged  Assure  leads  to  a  large 
cavern,  where  the  most  grotesque  figures,  formed  by  the 
percolation  of  water  through  beds  of  limestone, " 
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iheimelvEs,  while  the  eye,  glancing  onward,  watcheB  Ibe 
dim  and  distant  glimmers  uf  the  lights  of  the  guides — tome 
in  the  recess  beluw,  and  other?  in  the  gaJJeriei  above. 
Passing  from  these  receases,  the  passage  conducts  to  a 
flight  of  slepi  that  leiuU  into  a  large  cavern  of  irreguUc 
fonn,  and  of  great  beauty.  Its  dimensions  are  about  thir^ 
feet  by  fifty,  tlere  the  incrustations  hang  just  like  a  sheet 
of  water  that  has  been  frozen  as  it  felli  there  they  rise  into 
a  beaiitifiU  stalactitic  pillar,  and  yonder  compose  an  ele- 
vated seal,  lUTTOunded  by  sparry  pinnacles.  Beyond  this 
room  18  another,  more  irregular,  but  mote  huautiful.  Be- 
sidee  having  sporry  ornaments  in  common  with  the  others, 
overhead  is  a  roof  of  the  most  Bdinirablc  and  singular 
fonoBlJon.  It  is  entirely  covered  with  tialiKtiiet,  which 
ore  suspended  from  it  like  inverted  pinnacles-  lliey  are 
of  the  nnest  material,  and  are  moat  beautifully  shaped  and 
embossed.  In  another  apartment,  an  immense  sheet  of 
transparent  stalaclile  extends  from  the  roof  to  the  floor, 
whicD,  when  struck,  emits  deep  and  mellow  sounds,  like 
thoie  of  a  muffled  drum.  Further  on  is  another  vaulted 
chamber,  which  is  one  hmidred  feet  long,  thirty^six  wide, 
and  twenty-six  high,  lis  walls  arc  iitled  with  grotesque 
concretions.  The  eSiict  of  the  tights  placed  by  the  guides 
at  various  elevations,  and  leaving  hidden  more  than  they 
reveal,  is  extremely  fine.  At  the  extremi^  of  another  range 
of  apartments,  a  magnificent  hall,  two  hundred  and  fifty  feet 
long,  and  thirty-three  feet  high,  suddenly  appears.  Here 
is  a  splendid  sheet  of  rock-work,  running  up  the  centre  of 
the  room,  and  giving  it  the  aspect  of  two  separate  and  noble 
galleries;  this  partition  rises  twenty  feet  above  the  floor, 
and  leaves  the  fine  Sfan  of  the  arched  roof  untouched. 
There  is  here  a  beautiful  concretion,  which  has  the  form 
and  drapery  of  a  gigantic  statue;  and  the  whole  place  is 
filled  with  slalagmitical  masses  of  the  most  varied  and 
grotesque  character.  The  fine  perspective  of  this  room, 
four  times  the  length  of  an  ordinary  church,  and  the 
[  vaulted   roof  spreading  overhead,   without  any 


support  of  piUar  or  column,  produces  a  most  striking  effect. 
In  another  apartment,  whicn  has  an  altitude  of  fU^  feet, 
there  is  at  one  end  an  elevated  recess,  ornamented  with  s 
group  of  pendant  tialacliUt  of  unusluil  size,  and  singular 
heauLy.    They  ore  at  large  as  tlie  pipes  i^  a  full-siied 


^13 

tgan,  and  ritnged  nUh  great  regularity ;  wliea  struck, 
sy  emit  nwliow  sounds  of  various  keys,  not  unlike  ihe 
les  of  musical  g]aBise».  Other  cavities,  profusely  studded 
■'  ■-.-.■  .      ,    .,  jj  jj^g  j||j|.  


sparry  incnisCations,  extend  through  t 
Oc.  The  length  of  this  extraordinary  group  of  caverns 
not  less  than  one  thousand  six  hundred  feet. — AMdgfd 
wi  "  A  Narratiee  of  ihe  Visit  to  ihe  Ameritan  Charchei," 
|r  Drg,  Reed  and  Matheion, 


E.  Paffe  80.— Recent 
A  sandstone  occurs  in  various  parts  of  the  northern 
last  of  Cornirall,  which  affords  a  moat  instructive  cx- 
mple  of  a  recent  formation  ;  since  we  here  actually  detect 
fature  at  vorb  in  converting  calcareous  sand  into  stone. 
L  very  considerable  portion  of  the  northern  coast  of 
pComwall  is  covered  with  a  calcareous  sand,  consisting 
Ukf  niinate  particles  of  comminuted  ahells,  which,  in  some 
l^lacea,  has  accumulated  in  quantities  so  |rpat,  as  to 
lillBVe  formed  hilla  of  from  forty  to  siily  feet  in  elevation. 
'Sn  digging  into  these  sand  hills,  or  upon  the  occasional 
"wmoval  of  some  part  of  them  by  the  winds,  the  remains 
'rof  houses  may  he  seen  :  and  in  some  places,  when  the 
'Churchyards  have  been  overwhelmed,  a  great  number  of 
'Itintan  bonea  may  be  found.  The  sand  U  supposed  to 
"lave  been  originally  brought  from  Ihe  aea  by  hurricanes, 
I'BTobably  at  a  remote  petiM.  At  the  present  moment,  the 
I  progress  of  its  incursion  is  arrested  by  the  growth  of  the 
I'MrunJo  arenaeea.  The  sand  first  appears  in  a  alight  but 
-locreaBing  stale  of  aggregation  on  several  parta  of  the  shore 
'in  the  Bay  of  St  Ives ;  but,  on  approaching  the  Gwythian 
I  -riVer,  it  becomes  more  extenaive  and  indurated.  On  the 
''•hore  oppoaite  Godrevy  Island,  an  immense  mass  of  it 
occurs,  of  more  than  a  hundred  feet  in  length,  and  from 
ten  to  twenty  in  depth,  containing  entire  ahells  and  frag- 
■  ments  of  cla^-slate ;  it  is  singular  that  the  whole  mass 
'  aasumes  a  striking  appearance  of  stratification.      In  some 

! daces,  it  appears  that  attempts  have  been  mode  lo  separate 
I,  probably  for  the  purpose  of  building,  for  several  old 
'  touses  hi  Gwylhian  are  built  of  it.  The  rocks  in  the 
'wicinily  of  this  recent  formalion  in  the  Bay  of  St.  Ives,  are 
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greetijlone  and  clay  alate,  alternating  willi  each  oilier. 
The  clay  ilate  is  in  a  state  of  rapid  decompositi'in,  in  con- 
sequence of  wbicli  large  masses  of  tlie  bombleode  rucl 
bare  fallen  in  various  directions,  and  given  a  singular  cha- 
racter of  pifltiiraaiiue  rudeness  to  the  scene.  This  it 
remarkable  in  the  locka  nhich  constitute  GoJrevy  Itlacd. 
It  is  around  tlie  prowontory  of  New  Kaye,  that  ihe  mosl 
extensive  formation  of  sandstone  tak^s  place.  Here  il 
may  be  seen  in  different  stages  of  indtirofinn,  from  a  sta\e 
in  nhicli  it  is  too  friable  to  be  detached  troni  [he  rock  upon 
wbicb  it  reposes,  to  a  hardness  so  considerable  that  il 
requires  a,  very  violent  blow  from  a  sledge  to  break  it. 
Buildings  are  here  constructed  of  it;  the  church  of  Ctm- 
stock  is  entirely  built  with  it ;  and  it  is  also  employed  for 
various  articles  of  domestic  and  agricultural  uses.  The 
geclogiat  who  has  previously  examined  ihc  celebrated  *fe- 
cimen  from  Guadaloupe,  will  be  struck  with  the  great 
analogy  which  it  bears  to  this  formatioa.  Suspecting 
that  masses  might  be  found  coolaining  human  buie^ 
if  B  diligent  search  were  made  in  the  vicinity  of  tbow 
cemeteries  which  have  been  overwhelmed,  1  made  some 
investigations  in  those  spots,  but,  I  regret  to  add,  wlthotil 
success.  The  rocks  upon  which  the  sandstone  repoees,  art 
alternations  of  clay  slate,  and  slaty  limestone.  The  ID- 
clination  of  the  beds  is  SS.W.,  and  at  an  angle  of  40=. 
Upon  a  plane  formed  by  the  edges  of  these  strata,  lies  a 
horizontal  bed  of  rounded  pebbles,  cemented  togedier  bj 
the  sandstone  wliich  is  deposited  immediately  above  them, 
forming  a  bed  of  from  ten  to  twelve  feet  in  thickness,  and 
containing  fragments  of  slate,  and  entire  shellB;  and  exhtr 
biting  the  same  appearance  i^  stratification  as  that  noticed 
in  St.  Ives  Bay.  Above  this  sandstone  lie  immenie  beapa 
of  dritled  sand.  But  it  is  on  the  western  side  of  the  pri>- 
montory  of  New  Kaye,  in  Fishel  Bay,  that  the  geologist 
will  be  most  struck  with  this  formation ;  for  here  no  other 
rock  is  in  sight.  The  cliff«,  which  are  high,  and  extend 
for  several  milBs,  are  entirely  composed  of  it;  they  are 
occasionally  intersected  by  veins  and  dybes  of  breccia. 
In  the  cavities,  calcareous  stalactites  of  rude  appearance, 
opaque,  and  of  a  gre^  colour,  hang  suspended.  The  beach 
is  covered  with  disjointed  fragments,  which  have  been 
detached  from  the  cliffs  above,  many  of  which  weigh  two 


or  throe  tons." — From  the  Ttaniacllana  of  the  Roynl  Geo- 
logieal  Society  cf  Cornwall,  by  Dr.  Paris. 


F.  PageS&. — LiTBoDout,  at  boeimo  molldsca;  uskich 
haei  the  pwier  of  pcrfaraling  roeki.-^Everj  one  who  hai 
walked  by  the  sea-side  must  have  observed  Iho  blocks  and 
masses  of  the  chalk  rocks  fiill  of  pcrforalions ;  and  if  his 
curimiCy  bave  induced  him  to  examine  tbcae  vith  attention, 
he  win  tiave  perceived  that  thmigh  manv  of  the  csviliea 
ore  emptj,  some  of  them  contain  tlic  Bhelly  remains  of  the 
animaU  which  once  inhabited  them.  The  power  possessed 
by  creatures  so  delicate,  and  with  sucb  fragile  coverings, 
of  excavating  the  solid  rock,  has  naturally  excited  much 
speculation  ns  to  the  mode  by  which  the  perforations  are 
^%cted ;  and  it  is  now  generally  admitted,  that  it  is  not 
by  mechanica!  power  only  that  the  feeble  inhabitants  of 
the  boring  shells  nre  able  to  form  themselves  a  secure 
asylum  in  the  rock,  but  by  the  secretion  of  n  liquid  which 
acts  chemically  on  the  stunc,  softens  it,  and  renders  it 
capable  of  beinz  removed  with  facility.  In  a  late  volume 
of  the  Philosophical  Ttansactions,  there  is  an  interesting 
paper  on  the  economy  of  molluscous  animals,  by  Mr.  Gray, 
which  throws  much  Ught  on  the  subject.  It  appears  that, 
Siltboueh  ttredinea,  pholadet,  and  other  boring  shells,  are 

rered  with  short  spinea  and  strice,  by  means  of  which 
supposed  capable  of  rasping  stones,  yet  other 


they  n 


1  wbiclt  inhabit  alony  cavities  are  perfectly  smooth. 
un  the  shore,  near  Ketnptown,  a  phaias,  which  has  a 
rasping  apparatus,  end  a  venas,  wholly  destitute  of  a  rugous 
surface,  may  be  seen  in  cavities  of  the  chalk.  Shells 
of  this  kind  have  not  been  observed  to  bore  into  any  other 
substances  (wood  excepted)  than  shells,  marl,  chalk,  lime- 
stone, and  sandstone,  consolidated  by  calcareous  cement. 
Granite  appears  to  resist  all  the  dissoiving  powers  of  the 
moUusca.  Thus,  in  the  Plymouth  Breakwater,  in  which 
limestone  and  granite  are  employed  and  placed  side  by 
side,  the  patdia,  or  limpets,  form  their  rounded  holes  in 
the  former,  while  tliey  do  not  in  the  slightest  degree  alter 
the  surface  of  the  latter,  except  by  clearing  off  from  it  any 
adherent  calcareous  substance. 
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'  G.  Page  OS. — Obseryatiokb  on  tbe  TsuptE  op  Sebapi). 
At  PuziuoLi,  HEAR  NAPLES ;  tM  o  LeUeT  to  W.ir.Fxtta, 
M.D.,  from  Charlii  Bahhage,  Eiq,  —  This  paper  ooo- 
mences  with  a  general  deacrif  tiun  of  the  preseDt  stale  d 
the  Temple  of  Serapla,  and  givea  the  meaBurctnent  of  Ibe 
three  maible  columns  irhkh  remun  standing,  and  whkt, 
from  the  height  of  eleven  feet  to  that  of  nineteen,  are  pn> 
forated on allsideB by  (he  modiola 6thophaga  (of  Lanarcfc); 
the  sheila  of  that  animal  remaining  in  the  holes  formed  ^ 
them  in  the  columns.  A  description  follows  of  the  preKnl 
state  of  twenty-seven  portions  of  columns,  and  other  ftig- 
meuls  of  matble,  and  also  of  the  several  incnistatiooi 
formed  on  the  walls  and  colmnne  of  the  temple. 

From  these  and  other  data,  Mr.  Babbage  concludes: — 

1.  That  the  temple  was  originally  built  at,  or  nearly  il 
the  level  of  the  sea,  for  the  convenience  of  sea-baths,  st 
well  as  for  tlie  use  of  the  hot  spring  which  still  exists  (tn 
the  land  side  of  the  temple. 

2.  That,  at  a  subsequent  period,  the  ground  on  which 
the  temple  stood,  subsided  slowly  and  gradually ;  the  salt 
water,  entering  through  a  channel  which  connected  the 
temple  with  the  aca,  or  hy  infiltration  through  the  sand, 
mixed  itself  with  the  water  of  the  hot  spring  containing 
carbonate  of  lime,  and  formed  a  lake  of  brackish  water  in 
the  area  of  the  temple,  which,  as  the  land  subsided,  became 
deeper,  and  formed  a  dark  incrustation. 

The  prools  are,  that  sea-water  alone  does  not  produce  ■ 
limilar  incrustation ;  and  that  the  water  of  the  hot  spring 
alone  produces  an  incrustation  of  a  different  kind;  also, 
that  serpuhe  ore  found  adiiering  to  this  dark  incrustation; 
and  that  there  are  lines  of  walei-level  at  various  heights 
from  2.9  feet  to  4.S  feet, 

3.  I'he  area  of  the  temple  was  now  filled  up  to  tfae  height 
of  about  seven  feet  with  oshea,  tufa,  or  sand,  which  stopped 
up  the  channel  by  which  sea-water  had  been  admitted. 
Ine  waters  of  the  hot  spring  thus  confined,  converted  the 
area  of  the  temple  into  a  lake,  from  which  an  incruslattOD 
of  carbonate  of  lime  was  deposited  on  the  columns  and  walla. 
The  proa&  are,  that  the  lower  boundary  of  this  incrustation 
is  irregular;  whilst  the  upper  is  a  line  of  water-level,  and 
that  there  are  many  such  lines  at  different  heights ;— that 
salt  water  has  not  been  found  to  produc         '    "' 


r 
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tation ; — that  ihe  water  of  the  Piscina  Mirabile,  nhich  is 
distant  from  the  sea,  but  in  this  immediate  neighbourhood, 

Sroducei,  according  to  an  eiiaminatian  by  Dr.  Fornday,  a 
eposit  elmost  precisely  similar; — that  no  remains  of  ser- 
pulfp,  or  other  marine  animals,  arc  found  adhering  to  it. 

4.  The  temple  cgntinuing  to  eubeide,  its  area  was  again 
partially  filled  with  solid  materials ;  and  at  thia  period  was 
subjected  to  a  violent  incursion  of  the  sea.  The  hot'Watet 
lake  was  filled  up,  and  a  new  bottom  produced,  entirely 
covering  the  former,  and  concealing  also  the  incrustation 
of  carbwiate  of  lime. 

The  proofs  are,  that  the  remaining  walla  of  the  temple 
are  highest  on  the  Inland  side,  and  decrease  in  height 
towards  the  sea-aide,  where  they  are  lowest ; — that  the 
lower  boundary  of  the  apace  perforated  hy  the  marine 
Uthi^hagi  ia,  on  different  columns,  at  different  distanceB 
beneath  the  uppennost,  or  water-level  line  ; — that  several 
fragmenlB  of  columns  are  perforated  at  the  ends. 

5.  The  land  continuing  io  subside,  the  accumulationii 
at  the  bottom  of  the  temple  were  submerged,  and  modiolie 
attaching  themselves  to  the  columns  and  fragments  of 
marble,  nierced  them  in  all  directions.  The  subsidence 
continued  until  the  pavement  of  the  temple  was  at  least 
nineteen  feet  below  the  level  of  the  sea. 

The  proofs  are  derived  from  the  condition  of  the  columns 
and  fragments. 

6.  The  ground  on  which  the  temple  stood,  appears  now 
to  have  been  stationary  for  some  time,  but  it  then  began  to 
rise.  A  freah  deposition  of  tufa,  or  of  sand,  was  lodged, 
for  the  third  time,  within  its  area,  leaving  only  the  upper 
part  of  three  large  columns  visible  above  it. 

Whether  this  took  place  before  or  subsequently  to  the 
rise  of  the  temple  to  its  present  level,  doea  not  appear;  but 
the  pavement  of  the  area  is  at  present  level  with  t 
of  the  Meditenanean. 

The  author  then  stales  several  facts,  which  prove  that 
considerable  alteration!  in  the  relative  level  of  the  land 
and  sea  have  taken  place  in  the  immediate  vicinity.  An 
ancient  sea-beach  exists  near  Monle  Nuovo,  two  feet  above 
the  present  beach  of  the  Mediterranean.  The  broken 
columns  of  the  Temples  of  the  Nymphs  and  of  Neptune, 
remain  at  present  standing  in  the  ses.     A  line  of  perfota- 


1 


tiotii  of  modiolte,  and  otlicc  iudicEitions  of  a  wnler-lnel 
four  foet  above  the  present  sen,  are  observable  on  Ihit  ilxlh 
pirr  of  tha  bildKe  of  Caligula ;  nnd  again  on  tlie  twtltA 
pier,  at  tlie  heiAt  of  ten  feet.  A  line  of  pcrforntioni  by 
inodiulie  ia  virile  in  a  cliff  opposite  the  island  uf  N'iiida, 
ihirty-two  feet  above  tlie  preiant  lenel  of  tho  Medilw- 
rsnean. — Ahatrarl  of  the  Proteedingt  of  the  Geelayital 
Society/  March,  1834. 


11.  Page  333.  —  Mr.  Keade's  recent  obaervaCiotu  on 
fnuil  infusoriu  arc  embodied  in  Lecttirc  VI.  See  bIw 
.ippendix  N  and  I). 


J.  Page  328,— Aq*b»i»'s 


THE  MaNTELLIAH   Mu! 


iui  pour  la  ctait,  pl  U  tonoAUOD  \t\iHrnap,   Lm  hIdi  mtnutlettK  qup  U.Hulrll 
iAb  dvpoU  trien  dn  ■ahAhi  1  rn  faulln.  Ih  DnI  nodal  pju  parftlU  que  fdui 


r  a  large  size,  bul  frequently  in  the  form  of  small 
IB  in  ihe  shagreen  on  the  Ekiii  of  aharka,  and  the 


.    Itdd.    Tab.  iixiLSiiB.23.24, 

rli.    Ibid.    Tib.  ml!;  flgi.  IS,  »,  IS,  39. 

.    Tib.  18,  flf.  «,  page  3!^. 

nith  Down  FcsBili.    Tab.  iiiil.  llgs,  17,  21, 


Teeth,  and  perhaps  vertehite,  of  the  above  species,  and  a 
few  t!>Lainples  of  their  dorsal  defences,  {IckthyodorTttiles  of 
Dr.  Uuckiand,)  are  Ihe  only  remains  hitherto  discovered. 
(Jgmn.  PoUs.  Fast.  Vol.  iii.  tab.  10»,  10l>.)  The  teeth 
were  referred  to  liahea  of  the  genus  Diodon,  by  previous 
authors,  and  the  defences  were  called  radii,  or  lin-bones  of 
balistes,  and  siluri. 

Teeth  irf  a  new  species  of  Ptychodus  liave  been  dis- 
covered in  the  sand  of  New  Jersey,  United  States,  by  Dr. 
Morion. — {Mortoni  Synopak,  PI.  18,  fig.  1,  2.)  I  have 
named  it  Piyehodv*  Mortoni. 


,    Agau.    Tab.  XIIll. 
.    AgaiB.    Tab.  isAii. 


Id  Ihi  Bdllib  Mdmuid. 
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<B.  Ati.  %  pigc  it»-  Agau.    Tab.  i 


"<^p*r.    Poll 


Agu.  PoisB.  Fau.    Vol.  Ui.  Ub.  10,  figi.  1, 
"-'--  "—     "-'.  111.  lab.  10,  llgi.  r,  S. 


The  above  oriler  of  fisheB  b  represented  by  five  genwi 
□f  which  uae,  containing  twelra  species,  is  exiiact.  Tt 
fishes  of  the  genera  Flychodus,  Ualeus,  and  Lanins,  lu 
very  widely  dislrihuled. 

Ordek  H. — The  Ganoidiani, — (yayot,  splendour,  f(wu 
the  hriUiunt  surfuce  of  their  enamel.)  These  are  chatw- 
terised  by  angular  scales,  formed  of  homy  or  bony  plalc^ 
protected  by  a  thick  layer  of  enamel.  Tab.  84,  fig.  1. 


flei.S,ll.    AgMi.  Potu.  Pnei.  Vol.  U.  U)>.«. 
The   Macropoma  is  perhaps  the  moat  remarkable  of  all 
the  fossil  fishes ;  in  moat  examples  tlie  membranes  of  the 
stomach  are  preserved. 
SpndtiioBiu  Mann-iKa"..    Hotflgurfd.    Pram  Clarion  ph»Uc-pii. 

FosiUi.  Tab. xxilv.ng..  10,11.  Tiib..l.ng.I.  Agau. 
Poiii.  Fou.  Vol.  11.  lali.  «es  figi.  1  ID  S. 

The  above  order  comprehends  three  extinct  genera,  with 
three  species.    Another  s|iecies  of  Derceta  has  been  found 

in  the  chalk  of  Westphaha. 

R  III.— The   CUnoidiaiu,   (rr 

■       111       .       . 

■mposed  of  It 
lu  enamel.    Tab.  S4,  fig.  4. 

HI  or  AeuiIi.I  Tab.  61,  page  SM.  Lrnglli 

Tab.  IilvL    Agaii.'Potai.  You.  Vofh'. 

e  33e,    L«D«h  J  Incbn.    HIHoft  sf  ihc 
lUKi.  Vol.  II.  Pari  II,  p.  IS,  Qa.Ii,  Amu 
.  Vol.  Iv.  tab.  U\  flg.7. 
Polil.  F«a,  VoU  1».  UtfUt,  Bg,.  1 10  ». 
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There  are  nther  ipeciea  of  Beryx  iti  tlie  chulk  of  Bohemia 
and  WeBtpholia ;  and  genera  nearly  related  to  Beri/r,  in 
the  Bchist  of  Glaria.  In  England  this  order  contaitia  but 
three  species  of  a  genus,  of  which  we  know  but  one  living 
species. 

The 


To  the  above  species  belong  the  remarkable  uucompresacd 
spedmena  in  my  Museuni. 


—  »ra 

r>rll 

wllhltt 

LpLUiui.  flg,13 

,:s, 

3.    Aga...  P 

ilLL  Sei.  ]  to  :.    Agau.  FoiM.  Foil.  Vol.  •.  tab.  IK. 

From  the  resemblance  of  the  teeth  of  this  fish,  to  those 
of  rep^ea,  it  was  suppoaed  that  the  original  belonged  to 
an  extinct  eenus  of  aaurians;  but  in  1S33,  a  canai^rable 
portion  of  the  head,  with  the  muxilla;,  many  vcrtebne,  &c., 
(Fere  discovered  in  a  block  of  chalk,  near  Levea,  and  the 
true  churftcters  of  thia  remarkable  iehthyolite  deletmined. 


from  Sautheihim  quarry,  ntai  XiWfli 


rii  IfpiM.     Itii,  01,  p>ie  Hii.    Unslh  d  Inohn.    An  u 

■pMliiwn.  rroiB   CUytni  ihilk-iill.  SuiKi, 

Mwly  pnAet  (itunlt  bu  tiana  btm  ftmiid. 

Fuu.  Vol.  111.  t»,  «6,  Ooi.  a,  t. 

n-uHVi  clKclHi.  AK»>.PolH,?Hi,Vg1.1l.  [Bti-MMIgkieuil 

»  .fjOHliilf,    Afui.  )*nlii,  Fun.  TM,  III.  ^  «,  ■(*.'.  <-  |[>>- 


mn  •IdMi  la  •  BUek  sr  sWk,  Bwt  Uw«»  H* 
■twrlai  alia  OOEUU  In  Ih*  HhuikUn  und  at  Kiiit.  ' 
■— ■-  •  —  -jHii  founa  Iw  Mr."  "  •■-—-'  '-  ' 
nw  U>lil> 


igiiBiMidon  guwrr,  now  MaWttoni, 
TiTHAPTiimDt  «ih.or,     Uiiiei,     Agm.  Pgiit.  fon,    Vi 

nj(i.  I.  4. 
(  ATumm  .(mt*..    AlU).  PoKl.  Fun.  Vol,  II.  Hb.  BSMIb. 
AriDTinsDi /oCa.    Polii.  Pd».  VoLU.  Ub.  aa>,  Bri.iI, 


1,.  /'ajjeSas.— M*iu»Tonii  iuuanobon.— Thusprnjinmn 
wn*  (lurchiueil  uf  Mr.  Bensted  in  ila  broken   «[aU',  and 

B'oaeiited  to  Dr.  Mniitell  bj^  the  following  ([onUemflii  of 
rightoii,  the  propoailion  originatinff  with  In*  two  whovo 
tmitiea  slniid  flwt  on  the  lilt,  viz.— i-Horacfl  Smith,  Mtwi 
RicDrdo,  Tliomiui  Attree,  George  Baievii  TliumH  Bodtey, 
11.  Heaviside,  E.  Lindo,  J.  i.  MMquerieri  W.  Totmnt,  luid 
'['.  Sarel,  Esqo.;  Dr>.  Hull  snd  Price;  Revd».  J.  S,  M. 
"Viideraon,  'lliomna  Roopsr,  H.  M.  Wngner;  uiid  Sir 
Kicliord  Hunter. 
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DESCRIPTION  OF  THE  FRONTISPIECE. 


Tkt  C^UHtTff  of  ike  Igtuntodont  rutoredfrom  ike  Oeologieal  Di§tfHMriii  of 
the  Author.    Bf  JoBV  Maativ,  Esq.  K.L. 


The  mode  of  indnction  by  which  the  geologist  and  comparative 
anatomist  are  enabled  to  asoertain  the  form  and  structure  of  animals 
and  plants  which  no  longer  exist  on  the  fkce  of  the  earth,  and  even  the 
nature  of  the  countries  which  they  inhabited,  are  explained  in  the  fol- 
lowing pages.  The  researches  of  the  Author  in  the  wealden  formation 
(p.  844)  of  the  south-east  of  England,  ftumished  the  materials  £rom  which 
the  eminent  painter  of  "Bzlshazzab's  Fbast,"  composed  the  striking 
picture  that  forms  so  splendid  an  embellishment  to  this  Work. 

The  data  upon  which  the  restorations  are  founded  are  described  in  the 
Fourth  Lecture  (see  p.  404).  The  picture  represents  a  country  clothed 
with  a  tropical  vegetation,  peopled  by  reptiles  of  colossal  magnitude,  and 
traversed  by  a  river,  which  is  seen  to  empty  itself  into  the  sea,  in  the 
distance.  Oolitic  rocks  (p.  861)  form  the  heights  and  cliffs  with  which  the 
landscape  is  diversified.  The  vegetation  consists  of  the  trees  and  plants 
whose  fossil  remains  have  been  discovered  in  Tilgate  Forest  (p.  869) ; 
namely,  palms,  arborescent  ferns,  clathrarin,  and  coniferous  tree ;  while 
the  lesser  plants,  as  the  cycadeae,  (p.  865)  and  ferns  (pp.  869—871),  are 
distributed  over  the  foreground. 

The  reptiles  comprise  the  iguanoden  (p.  889),  hylseosaurus  (p.  401), 
megalosaurus  (p.  889),  crocodiles  (p.  885),  and  tiutles  (p.  884).  An 
iguanodon  attacked  by  a  megalosaurus  and  crocodile,  constitutes  the 
principal  group ;  in  the  middle  distance  an  iguanodon  and  hylseosaurus 
are  preparing  for  an  encounter;  a  solitary  pterodactyle,  or  fljring 
reptile  (p.  403),  with  its  wings  partly  expanded,  forms  a  conspicuous 
object  in  the  foreground ;  while  turtles  are  seen  crawling  on  the  banks  of 
the  river.  Ammonites  and  other  shells  of  the  Portland  oolite,  which  is 
the  foundation  rock  of  the  country,  are  strewn  on  the  shore.  Wading 
birds  allied  to  the  heron  (p.  408),  should  have  been  introduced  to  render 
the  fauna  of  the  iguanodon  country  complete. 

The  vigour  and  beauty  of  this  successftil  conception  of  the  distinguished 
artist  are  equalled  by  the  fidelity  of  its  details. 


tjl 
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DESCRIPTION  OF  PLATE  I. 


r 

I 

I 

I  ■ 

r 


pf  a  Foaii  Crocodile  discovered  at  Stoanaget  by  Robxet 
Tkottxb,  B$q.  F.G.S.  of  Borde  Hill,  near  Cuckfield. 

Described  pp.  387—389. 


1.  Tbe  left  dde  of  the  lower  Jaw,  with  two  teeth  remaining  in  their 
natural  position:  fig.  10,  PI. III.  represents  one  of  these  teeth 
OD  a  larger  scale. 
1,  2.  Detached  vertebrae  of  the  back  and  tail,  showing  the  transverse 
and  dorsal  processes. 
i  Zj  8.  Dermal,  or  skin-bones :  in  the  living  animal  these  are  disposed 

L-  M  parallel  rows  along  the  spinal  column,  like  a  ridge  of  roof- 

P  tiles,  and  are  designed  to  support  the  large  scales. 

P        4f  4.  Bibs,  more  or  less  broken. 

^  5.  Two  chevron  bones :  these  are  inferior  spinous  processes  articu- 

lated to  the  vertebrae  of  the  tail.    In  a  specimen  of  caudal  ver- 
,  tebrae  of  the  iguanodon,  (Fl.  III.  fig.  8,  b.)  three  processes  of  this 

*:  kind,  but  difiering  in  form  firom  those  before  us,  are  seen  lying 

\  beneath  the  vertebrae. 

dy  7,  8.  Bones  of  the  pelvis.  • 

6.  One  of  the  bones  of  the  pelvis,  detached ;   the  corresponding 

bone  is  seen  near  the  following. 

7.  7.  The  bones  of  the  ischium. 

8.  The  remaining  bones  of  the  pelvis,  attached  to  each  other  in 

their  natural  position. 

I  Numerous  scales  and  teeth  of  a  fresh-water  fish,  {lepidotut  minor t) 

peeuliar  to  the  Pnrbeck  strata,  are  imbedded  in  the  stone. 


1  ••-.•< 
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DESCRIPTION  OF  PLATE  II. 


The  RenuUfu  of  the  Iguanodon  discovered  by  Mr.  W,  H.  Bensted,  in  a 
Quarry  of  Kentish  Rag,  near  Maidsione. 

Described  pp.  39.4 — 397. 


1, 2.  The  right  and  le!|  .thigh-bone,  or  femur, 
3.  A  leg-bone,  or  tibia. 
4,  4,  4.  Bones  of  the  toes  {metatarsal  and  phalangeal)  of  the  hind  feet. 
5,  5.  Two  unguical,  or  claw-bones  of  the  hind-foot. 

6.  Two  metacarpal^  or  finger  bones  of  the  fore-foot. 

7.  One  of  the  bones  {rttdius)  of  the  fore-arm. 

8'  8,  8.  Vertebrae  of  the  back  and  tail :  in  the  upper  part  of  the  specimen 

a  series  of  eight  vertebrse  remains. 
9, 9,  9.  Ribs :  some  nearly  entire,  others  broken. 
10,  10.  Two  clavicles,  or  collar-bones. 
11,11.  Two  bones  of  the  pelvis  {ossa  ilia), 

12.  A  chevron-bone,  or  inferior  spinous  process  of  the  tail. 


It-. 
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DESCRIPTION  OF  PLAT£  III. 


Remaint  of  Reptiles  from  the  strata  of  Tilgate  Forest. 


1 .  One  of  the  claw-bones  of  the  fore-foot  of  the  iguanodon.    See  p.  397. 

2.  One  of  the  claw-bones  of  the  hind-foot  of  the  Maidstone  iguanodon. 

See  p.  397. 

3.  Perfect  tooth  of  the  iguanodon,  one-third  the  nattural  size.  See  p.  390. 

4.  Inner  surface  of  a  tooth  of  an  unknown  reptile.    See  p.  403. 

5.  Horn  of  the  iguanodon.    See  p.  400. 

6.  Tooth  of  the  iguanodon ;  the  crown  slightly  worn  by  use,  and  the 

fang  absorbed  from  pressure  of  the  new  tooth ;  half  the  natural 
size.    See  p.  390. 

7.  Tooth  of  the  iguanodon,  much  worn ;  the  serrated  edges  being  entirely 

obliterated ;  half  the  natural  size.  This  is  the  individual  specimen 
which  M.  Cuvier  mistook  for  an  incisor  tooth  of  the  rhinoceros, 
until  a  series  of  specimens  was  obtained,  showing  a  gradual 
transition  frt>m  the  perfect  to  the  worn  tooth. 

8.  Six  vertebrse  of  the  tail  of  an  iguanodon,  articulated  to  each  other, 

having  their  spinous  (a)  and  transverse  processes  remaining ;  and 
three  chevron-bones  {h  h)  imbedded  in  the  stone  near  the  vertebras. 
From  Cuckfield,  by  R.  Trotter,  Esq.    See  p.  399. 

9.  Tooth  of  the  megalosaurus,  one-third  the  natural  size.  9*.  Magnified 

view  of  the  serrated  edge  oi  the  tooth.     See  p.  389. 

10.  Tooth  of  the  Swanage  crocodile.    See  p.  388. 

11.  The  right  femur,  or  thigh-bone,  of  an  iguanodon,  imbedded  in  lime- 

stone ;  from  Tilgate  Forest  (pp.  395—398).  The  original  was 
8  feet  8  inches  in  length,  a,  the  large  process  (<focAan<«r  wMJor\  on 
the  upper  and  outer  part  of  the  bone ;  6,  the  inner  process  {tro- 
chanter fninor)t  for  the  attachment  of  adductor  muscles,  by  which 
the  limbs  were  drawn  towards  each  other;  c,  the  inner  condyle; 
dt  the  groove  in  front  of  the  condyles,  for  the  passage  of  a  tendon 
to  be  inserted  into  the  leg-bone. 
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DESCRIPTION  OF  PLATE  IV. 


Remains  of  the  Hffkeosaunu,  discovered  in  Tilgate  Forest. 

Described  pp.  401,  402. 

(Size  of  the  original  specimen,  four  and  a  half  feet  in  length.) 


This  plate  represents  the  extraordinary  and  highly  interesting  fossil 
discovered  in  Tilgate  Forest,  by  the  Author,  in  the  summer  of  1832.  The 
specimen  exhibits  the  anterior  or  upper  portion  of  the  skeleton  of  an 
extinct  reptile,  the  hyleeosauruSf  or  fossil  lizard  of  the  weald. 

1.  Vertebrae  of  the  neck,  or  cervical. 

2.  Vertebrae  of  the  back,  or  dorsal. 

S.  Ribs,  for  the  most  part  perfect,  and  but  little  removed  from  their 

articulation  with  the  vertebrae. 
4, 4.  Angular  or  spinous  processes. 
5.  Three  very  large  spinous  or  angular  processes ;  each  15  inches  in 

length. 

6,  6.  Two  coracoid  bones  (belonging  to  the  chest). 

7,  7.  The  two  omoplateSf  or  scapulae. 
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